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SECOND 
ONTARIO  INDUSTRIAL  WASTE  CONFERENCE 

This  pamphlet  contains  copies  of  the  papers  presented 

at  the  Second  Ontario  Industrial  Waste  Conference  held  at  the  Ontario 

Agricultural  College,  Guelph,  Ont.,  on  June  19th,  20th,  21st, 22nd, 
1955. 

The  conference  was  sponsored  by  the  Pollution  Control 
Board  of  Ontario,  the  purpose  of  which  was  to  review  methods  for  the 
treatment  of  industrial  wastes  and  to  focus  attention  on  measures 
required  for  protection  of  stream  sanitation. 

The  Industrial  Waste  Conferences  are  designed  to  deal 
with  one  aspect  of  pollution,  namely  that  originating  from  industrial 
activity.   In  many  places  it  is  necessary  that  these  wastes  be 
treated  by  industry  rather  than  discharged  into  public  sewers.   In 
other  places  the  responsibility  for  treatment  is  placed  upon  the 
municipalities.   In  cither  case  it  is  essential  that  there  be  full 
information  available  on  how  these  wastes  can  be  dealt  with  most 
effectively.   Industrialization  in  Ontario  has  been  proceeding  at  a 
rapid  rate  and  as  a  result  of  this  the  situation  in  respect  to  the 
disposal  of  the  wastes  from  these  industries  becomes  more  complex. 

The  Pollution  Control  Board  recognizes  industrial  wastes 
as  one  aspect  of  the  pollution  control  problem.  The  fact  that 
attention  is  focused  primarily  on  these  industrial  wastes  at  this 
conference  does  not  mean  that  domestic  sewage  is  less  significant  in 
the  overall  problem.  There  is,  however,  a  greater  variety  of  methods 
needed  than  in  that  for  municipal  sewage. 

The  Pollution  Control  Board  is  grateful  to  all  who  have 
contributed  papers  to  this  Industrial  Waste  Conference  as  well  as  to 
others  who  have  assisted  in  any  way  in  making  the  conference  possible* 

For  further  information  write  to  The  Water  and  Pollution 
Advisory  Committee  of  the  Ontario  Water  Resources  Commission, 
Parliament  Buildings,  Toronto,  the  new  name  for  the  Pollution  Control 
Board. 
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WASTE  DISPOSAL  AT  SUN  OIL  COMPANY,  LTD, 
SARNIA.  ONTARIO.  REFINERY 


by- 
Gordon  R.  Henderson,  Manager 


The  protection  of  the  purity  of  the  international 
boundary  waters  between  Canada  and  the  United  States  has 
stimulated  considerable  public  interest,  while  govern- 
mental authorities  and  industries  have  initiated  extensive 
efforts  to  maintain  this  water  quality.  The  objectives 
for  boundary  water  control  of  the  International  Joint 
Commission,  stated  in  their  report  of  1951,  have  been  adop- 
ted by  Provincial  pollution  control  groups  in  Canada  and  have 
been  used  as  a  criteria  by  industries  in  planning  and  instal- 
ling pollution  abatement  facilities. 

When  Sun  Oil  Company,  Ltd.,  began  preliminary  design 
in  1952  for  a  refinery  on  the  St.  Clair  River  below  Sarnia, 
the  need  for  providing  adequate  pollution  abatement  facil- 
ities to  preserve  receiving  stream  quality  was  recognized. 
The  Sarnia  Refinery,  placed  in  operation  in  November,  1953, 
to  process  15,000  bis.  per  day  of  crude  oil,  contains  com- 
pletely integrated  facilities  for  control  and  treatment  of 
plant  waste  waters. 

Included  in  the  original  installation  was  a  completely 
segregated  sewer  and  separator  system  designed  in  accordance 
with  the  latest  American  Petroleum  Institute  recommended 
standards.  Independent  drainage  systems  were  installed  for 
the  process  waste  waters,  contaminated  storm  drainage,  cool- 
ing water,  uncontamlnated  storm  drainage  and  sanitary  sewage. 
The  process  wastes,  contaminated  storm  waters  and  spent 
cooling  waters  are  each  provided  with  'individual  oil^water 
separators  of  the  latest  A.P.I,  design  for  removal  of  oil  and 
settleable  solids  before  discharge  to  the  effluent  sewer. 
The  total  flow  of  the  combined  waters  in  the  final  effluent 
sewer  averages  14  million  gallons  per  day. 

Of  particular  interest  from  a  water  pollution  stand- 
point is  the  process  sewer  system.  Although  the  process 
waste  flow  averages  only  250  GPM,  or  350,000  gallons  per  day, 
it  carries  over  90%  of  the  phenols,  sulfides,  mercaptans, 
emulsified  oils,  and  other  water-soluble  contaminants . 
These  wastes  come  from  contact  with  oil  in  the  plant  inclu- 
ding process  condensate  drains  from  vessels  and  towers,  pump 
gland  leakage  and  desalting  water.  It  was  anticipated  that 
these  process  waters  would  require  secondary  treatment  to 
reduce  their  oxygen- consuming  properties  before  discharge, 
and  their  segregation  was  considered  a  practical  intial 
step. 
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Prior  to  the  initial  processing  operations  at  the 
Sarnia  Refinery,  Sun  Oil  developed  plans  for  a  biological 
oxidation  unit  for  reduction  of  phenolic  compounds  in  the 
refinery  waste  waters.  Helpful  information  was  made 
available  by  the  Dow  Chemical  Company,  end  Imperial  Oil  Com- 
pany, Ltd.,  who  had  plant  and  pilot-scale  experience  with 
this  typo  of  troatmont.  Construction  of  the  bio-oxidation 
unit  was  expedited  by  use  of  the  nbovo-montioned  process  sower 
and  separator  system  in  which  tho  phenolic  wastes  had  already 
been  segregated  and  by  utilizing  other  existing  equipment  and 
linos  already  in  place k  After  removal  of  floating  oil  in  the 
process  sepfrator,  the  250  GPM  flow  is  transferred  by  a  self- 
priming  contrifugal  pump  rated  at  500  GPM  and  35  psig.  to  an 
earth-well  oxidation  basin,  with  top  dimensions  90»  long, 
65 »  wide  and  10'  deep.  Tho  bottom  half  of  tho  sido-walls  of 
the  aeration  basin  arc  surfaced  with  a  2"  layor  of  cement  grout 
to  minimize  erosion..  Tho  fresh  food  wcter  and  rocycle  enter 
the  bottom  of  the  basin  through  a  nest  of  40  mixing  eductors. 
A  rotary  blower,  rated  at  500  c.f.m.  at  7  psig.,  supplies 
air  to  the  eductors  to  supply  oxygon  and  provide  intimate 
mixing.  Tho  ovorflow  from  the  aeration  basin  flows  through 
a  peripheral  slit-pipe  flume  to  a  large  concrete  A.P.I, 
gravity  soparator  originally  designed  for  oil  removal  service. 
This  separator  is  equipped  with  continuous  flight  scrappers 
and  serves  as  a  second:  ry  settling  tank  for  bacterial  sludge. 
A  positive  displacement  sludge  pump,  rated  at  125  GPM  at 
43  psig.,  returns  the  sottlcd  bacterial  floe  to  tho  oxidation 
■basin  and  the  troited  water  flows  from  the  secondary  separator 
to  the  St.  Clair  River.  Piping  has  been  provided  to  rcoir- 
culrto  all  or  a  portion  of  tho  oxidation  basin  offluont  during 
periods  of  low  volume  feed  1  nd  when  tho  refinery  is  shut  down. 

Those  modified  activated  sludgo  facilities  were  placed 
in  operation  rt  the  middle  of  November,  1953i  in  time  to 
treat  the  first  waste  waters  from  the  refinery.  Two  tank 
truck  loads  of  bactorinl  sludgo  from  the  Dow  Chemical  Company 
waste  treatment  plant  at  Midland,  Michigan,  were  obtained  for 
initial  seeding.  Bacterial  oxidation  of  phenol  began  within 
tho  first  few  hours. 

Experience  through  tho  first  yoar  of  operation  indicates 
an  initiel  phenol  content  in  the  procoss  wasto  feed  of 
150  pounds  per  day.  Numerous  refinery  start-up,  mochanical 
difficulties  and  .variations  in  food  water  quality  have 
intorforod  with  continuous  officient  performance  of  the  bio- 
oxidation  unit,  although  good  romoval  of  phenol  and  sulfide  has 
been  offectod  whon  operation  conditions  aro  normal  and  feed 
wator  characteristics  are  satisfactory.  Recent  high  alkal- 
inity and  sulfide  concentrations  in  the  process  waste  water 
has  interfered  with  satisfactory  operation.  Efficient  oper- 
ating conditions  include  a  bacterial  sludge  volume  index  of 
4-6%.  a  temperaturo  range  of  70°-85°E.,  and  a  pH  range  of 
6.5-8.0.  Experience  indicates  that  the  process  will  operate 
with  a  temperature  as  low  as  6o°F.  Dissolved  and  emulsified 
oil  concentrations  as  high  as  150  to  200  ppm,  phenol 
concentrations  up  to  200  ppm  and  sulfide  concentrations  as 
high  as  50  ppm  have  had  no  pronounced  harmful  effect  on  bio- 
logical activity,  although  higher  values  can  seriously  injure 
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tho  bactorial  sludge.  In  the  .case  of  all  these  factors, 
it  is  important  to  avoid  sudden  or  shock  loadings 
whenever  possible.  It  tu s  boon  observed  that  organisms 
can  remain  inactive  for  soveral  days  under  adverse  con- 
ditions, and  then  rejoin  their  .former  activity  with  tho 
ruturn  of  normal  tempera turo  and  food  supply.  Each  jot 
aerator  or  oductor  in  the  Oxidation  Basin  supplies  50  lbs . 
of  oxygon  or  a  total  of  2,00011)3.  of  oxygen  per  day  from  the 
air  into  the  waste  wator  to  oxidize  the  150  lbs.  of  phenol, 
considerably  in  excoss  of  tho  thoorotical  required  amount. 
Tho  aeration  tank  lording  is  equivalent  to  5  Ids.  of  phenol 
par  1,000  cubic  foot  of  tank  volume,  end  the  appliod  r.ir 
rate  is  equivalent  to  0.1  cubic  foot  per  minute  per  square 
foot  of  aeration  surface.  Total  power  requirements  amount 
to  approximately  60  HP. 

Among  tho  difficulties  encountered  in  operation, 
low  temperature  below  the  55°F.  minimum,  high  alkalinity 
and  sulfides  in  excess  of  75  ppm  hove  been  the  most  trouble- 
some Steam,  whon  r.veil&bla  from  the  refinery,  is  introduced 
through  1"  steol  pipe  ooils  with  submerged  exhausts  into 
the  Oxidation  Basin.  A  direct-contact  2,500,000  BTU/hr. 
wator  heater  has  been  installod  above  the  surface  of  tho 
basin  as  an  auxiliary  source  of  heat.  A  flue  gas  stripping 
tower,  5T-6"  dia.  by  30',  is  currently  being  installed  to 
rumovo  sulfides  and  lower  hydroxide  alkalinity  prior  to  the 
troatmont  in  tho  Bio-Oxidation  Basin.  Tho  stripping  towor 
will  utilize  up  to  150,000  SCFH  f Iug  gas  from  tho  regener- 
ator of  tho  Catalytic  Cracking  Unit  in  the  refinery  to  lower 
alkalinity  and  sulfides  to  a  safe  lcvol.  It  is  anticipated 
the  stripper  will  bo  operating  by  this  sunnier. 

High  oil  content  in  tho  feed  water,  although  appar- 
ently not  toxic  to  the  organisms,  is  absorbed  on  the 
biological  floe  and  floats  the  latter  to  the  surface  of  tho 
basin,  thereby  removing  organisms  from  the  process.  It  is 
believed  that  some  oil  is  partially  oxidized.  Change  in 
food  wator  characteristics,  including  variations  in  pH  and 
type  and  concentration  of:phonolic  corrtont,  "interferes  with 
acclimatization  of  the  bacteria  to  the- waste  wator .  Tho 
secondary  sottling  tank  was .originally  designed  as  an  oil- 
water  separator  and  is  ovor-rSized  and  not  of  "conventional 
design  for  biological  sludge  recovery.  Mechanical  difficul- 
ties with  the  pumps  and  the  usual  start-up  problom3  assoc- 
iated with  a  new  refinory ^presented  difficult  operating  con- 
ditions. There  havo  boon  periods,  for  ox ample ,  when  the 
refinery  units  were  not  operating,,  and  there  was  no  contin- 
uous flow  of  waste  process  water .  During  such  periods,  it 
has  boon  necessary  to  recirculate  water  in  the  biological 
treatment  unit,  and  chemical-grade  phenol  Was  used  to  continue 
the  food  supply. 

Additional  experience,  continuous  normal  operation 
of  the  refinery,  and  current  installation  Of  the  flue  gas 
sulfido  stripper  column  will  penult  more  effective  operation 
of  the  treatment  facilities.  Eventually,  additional  equip- 
ment will  be  installed  to  maintain  continuity  of  operation. 
Much  has  been  learned  in  the  initial  operation  of  theso 
facilities,  and  it  is  contemplated  that  further  experience 
will  permit  additional  improvement  of  effluent  quality. 
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THE  MATHEMATICS  OF  THE  BIOLOGICAL  OXIDATION 
OF  INDUSTRIAL  '  :ASTKS 


W.  WESLEY  ECKEr- FELDER,  Jr. 
Asst.  Prof,  of  Civil  Engineering 
Manhattan  College,  N.Y.,  N.Y. 

Biological  oxidation  finds  application  for  the  economic 
disposal  of  organic  wastes.  The  two  basic  processes  employed 
are  the  fluid  bed  (Activated  sludge  process),  where  microbial 
sludge  is  continuously  mixed  with  the  organic  waste,  aerated 
in  intimate  contact  for  a  predetermined  period  and  then  separ- 
ated by  sedimentation  or  flotation, and  the  fixed  bed 
(trickling  filters),  in  which  organic  matter  is  continuously 
passed  over  microbial  growth  on  a  rock  or  similar  surface. 
Process  variation  of  the  above  systems  include  modified- 
aeration,  step-aeration  and  contact  stabilization  in  the  fluid 
bed  system  and  high  and  low  rate  filters  in  the  fixed  bed  system. 
Among  some  of  the  wastes  which  hire  been  successfully  treated  in 
the  aforementioned  processes  are  cannery  (1)  (2)  (3)  (4)  (5), 
pharmaceutical  (6)  (7),  dairy  (8)  (9)  (10)  (ll).  chemical  (12) 
(13),  refinery  (14)  (15)  and  pulp  and  paper  (16)  (17). 

The  microbial  sludge  or  biological  floe  employed  in  these 
processes  is  a  miscellaneous  collection  of  microorganisms  such 
as  bacterial,  yeasts,  colds,  protozoa,  rotifers,  worms  and  insect 
larvae  in  a  gelatinous  mass.  Algae  will  also  be  present  in  those 
areas  exposed  to  sunlight.  The  bacterial  growths  consist  of  a 
partially  water  soluble  polysaccharide  slime  layer  of  low  structual 
strength,  a  cell  wall,  a  lipo-protein  cytoplasmic  membrane,  and 
cytoplasm  as  shown  on  Fig.  1.  These  componants  play  various  roles 
in  the  BOD  removal  and  bacterial  growth  cycles  (18)  (19). 

Kinetic  Theory  of  BOD  Removal 

In  the  biological  oxidation  process  organic  matter  is 
removed  from  solution  by  reaction  with  enzymes  associated  with 
biologically  active  slimes  and  sludges.  The  rate  removal  is 
probably  dependent  on  diffusion  of  essential  foods  into  the  cell, 
A  portion  of  the  organic  matter  removed  is  synthesized  to  new 
microbial  cells.  The  remainder  is  oxidized  to  provide  energy  to 
sustain  life  and  to  permit  synthesis.  These  reactions  follow 
basic  chemical  and  biochemical  laws: 
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organic  waste  (BOD)  T  O2+HH3  *  sludge+-C02  4- H20  (l) 
The  sludge  produced  by  equation  (l)  undergoes  continuous  auto- 
o:ddation  (endogenous  respiration). 

Sludge  f  02  -  C02  +  H20  +  NH3    (2) 

This  process  is  graphically  illustrated  on  Fig.  2. 

The  above  equations,  (l)  and  (2),  indicate  that  a  definite 
ratio  should  exist  between  the  quantity  of  BOD  removed,  the 
portion  oxidized  and  the  portion  synthesized.  This  ratio  has 
been  evaluated  for  several  organic  wastes  (20), (21), (22). 

In  the  presence  of  oxidizable  organic  matter  microbial 
cultures  (sludge)  will  undergo  several  growth  stages  the 
principal  of  which  are  a  lag  phase,  a  log  growth  phase,  a 
decreasing  log  growth  phase  and  a  death  phase  (endogenous 
respiration)  as  shown  on  Fig,  3.  During  the  growth  cycles, 
many  microorganisms  are  capable  of  removing  organic  matter  at 
a  greater  rate  than  the  oxidation  and  assimilation  process 
(storage).  This  organic  matter  is  stored  in  the  cell  as  complex 
carbohydrates  for  future  oxidation  and  synthesis  (23)- 

For  convenience  in  process  design  only  four  growth  phases 
need  be  considered,  namely,  storage,  the  log  growth  phase,  the 
decreasing  log  growth  phase  and  the  endogenous  phase.  The  lag 
phase  is  largely  eliminated  in  activated  sludge  and  trickling 
filters  due  to  the  large  innocculum  employed.  Lag  phases  may 
be  induced,  however,  if  the  sludge  is  not  acclimated  to  the 
particular  waste  being  treated.   An  example  of  this  is  the 
innoculation  of  an  industrial  waste  with  activated  sludge  from 
a  domestic  sewage  oxidation  (24)  (25)  (26)  (27)  (28).  Process 
lags  will  also  result  when  sludge  in  the  advanced  endogenous 
phase  is  recycled  for  treatment.  This  effect  has  been  interpre- 
ted in  terms  of  sludge  age  (defined  on  p.  13). 

Storage  may  be  defined  as  BOD  which  is  removed  from 
solution  by  sludges,  but  which  is  not  immediately  metabolized. 
The  concept  advanced  by  Forges,  et  al.  shows  storage  principally 
as  glycogen  in  the  bacterial  cell  (23).  To  illustrate,  let  us 
consider  the  bacterial  cell  in  the  endogenous  phase  to  have  the 
general  composition  Cr»OJ0o   Immediately  after  aeration  contact 
with  organic  waste  the  slu3ge  enters  the  active  respiration- 
storage  phase  and  its  general  composition  can  be  defined 
chemically  as  '  C^NO-  C^HyOz.  As  aeration  continues  and  the 
soluble  BOD  in  the  waste  is  removed,  by  the  sludge  mass,  the 
microorganisms  consume  the  stored  material  for  metabolism  and 
growth.  ,.fter  sufficient  aeration  for  complete  oxidation  and 
synthesis  of  the  BOD  removed  from  the  waste,  the  sludge  is 
reduced  to  the  endogenous  form  C.5H7N02  This  is  schematically 
illustrated  on  Fig.  /+,     Using  previously  derived  equations  for 
oxidation  and  synthesis,  Forges,  et  al,  computed  the  bacterial 
storage  in  milk  waste  oxidation  to  be  625  ppm  of  COD  for  1000 
ppm  of  sludge  solids.  The  storage  may  be  graphically  derived 
from  batch  waste  treatment  data  employing  a  form  of  plot  as  shown 
on  Fig.  5 
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There  is  evidence  that  storage  is  also  related  to  the 
efficiency  of  contact  during  mixing  and  to  the  BOD  available 
to  be  removed.  Katz  <2?)  has  shwon  that  the  initial  removal 
of  BOD  per  unit  mass  of  activated  sludge  decreases  as  the 
sludge  concentration  increases.  Further  study  is  essential  to 
establish  initial  removal  ratios  for  various  oxidation  systems. 

The  log  growth  phase  may  be  defined  as  that  period  during 
which  regular  and  maximum  multiplication  of  sludge  cells  is 
taking  plt.ce.  The  generation  time  is  defined  as  that  interval 
during  which  one  bacterium  develops  and  completely  divides  into 
two  cells.  This  results  in  a  geometric  progression  of  bacterial 
growth. 

The  rate  of  growth  of  organisms  may  be  e;:pressed  by  the 
formula 

ds   kS    (3) 

dt 

The  generation  time  of  the  organisms  may  be  related  to  k. 

g 3  0^621      (4) 
k 

Since  S  after  any  time  t  is  equal  to  S0  i  &  s  and  the  amount  of 
cell  material  produced  is  proportional  to  the  amount  of  organic 
matter  removed 

*  S  .air  (5) 

1,42S0 

1.42  is  the  theoretical  factor  for  converting  ultimate  BOD  to 
cell  material.  The  integrated  "form  of  eq.  (3)  may  be  expressed 

log  (1  *  aLr   )  a  kt    (6) 
1.42S0 

In  the  mixed  microbial  systems  generally  considered  k  is  a 
function  of  the  mean  generation  time  of  the  culture.  Since  k 
is  theoretically  correct  only  for  the  viable  count,  errors  will 
usually  accrue  through  the  use  of  total  or  volatile  suspended 
solids  measurement  which  includes  both  living  and  dead  cells  in 
addition  to  amorphous  matter  present  in  the  sludge. 

At  the  end  of  the  log  growth  phase  a  negative  acceleration 
phase  exists  where  cellular  division  occurs  at  less  frequent 
intervals  (k  is  variable).  It  has  been  shown  by  several  invest- 
igators (29)  (30)  that  the  mean  generation  time,  g,  and  hence  k 
is  BOD  concentration  dependent  below  a  limiting  substrate  level, 
A  mean  k,  representative  of  overall  process  performance,  may  be 
related  to  microbial  food  supply  as  shown  on  Fig,  6, 
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In  the  endogenous  phase  of  the  process  there  is  little 
or  no  BOD  removal  and  the  sludge  concentration  is  being  decreased 
through  endogenous  respiration  at  a  greater  rate  than  growth 
through  syntheses. 

Application 

It  may  be  generalized  that  the  efficiency  of  BOD  removal 
in  the  activated  sludge  process  is  a  function  of  the  aeration 
time,  the  active  sludge  solids  concentration  and  the  BOD  loading. 
It  is  therefore  convenient  to  relate  efficiency  to  a  loading 
factor  involving  the  afore  mentioned  variables  (31)  (32)  (33). 
This  loading  factor  expressed  as  lbs  BOD  per  day  per  lb  aeration 
sludge  may  be  computed  froi.i  the  equation 

f  ^  24  fa     (7) 
Sat  (1*"  r) 

From  studies  with  glucose  and  peptone,  Sawyer  and  Garrett 
(30)  established  maximum  removal  rates  of  3.6  //  BOD  per  day  # 
solids  at  10*C,  11.6  #  BOD  per  day  per  #solids  at  20*1C  and  20.8 
#  BOD  per  day  per  §   solids  at  30*0 .  Lower  .iiaxinium  removal  rates 
have  been  observed  in  the  treatment  of  pharmaceutical  and 
cannery  wastes.   This  loading  factor  employs  mixed  liquor 
suspended  solids  for  convenience.  Since  only  a  portion  (variable 
with  different  wastes)  is  active  microbial  sludge  maximum  removals 
for  particular  systems  are  only  representative  for  that  particular 
waste. 

The  loading  factor  employed  for  process  design  should 
consider  the  total  time  the  sludge  mass  has  been  undergoing 
aeration  to  encompass  all  four  zones  of  activity  previously 
described.  Some  process  , modifications  such  as  contact  stabilxs 
ation  employ  a  short  aeration  contact  period  of  the  waste  with 
sludge  for  rapid  removal  of  iJOD  (principally  as  storage) 
followed  by  a  relatively  lon-er  aeration  of  the  sludge  alone  for 
oxidation  and  synthesis.  The  loading  factor  computed  for  the 
waste  aeration  step  alone  would  be  primarily  representative  of 
storage  while  the  loading  factor  based  on  the  entire  sludge 
mass  would  consider  ell  process  steps.   Table  1  shows  dat  a  from 
various  waste  oxidation  systems.  In  conventional  sewage 
treatment  practice  90*  BOD  removal  efficiency  has  been  attained 
with  a  loading  of  0,5  §   BOD  per  day  per  $  sludge.  Increasing 
this  loading  to  4.0  #  BOD  per  day  per  §   sludge  reduced  the 
removal  efficiency  to  54*.  80  -  9^2  efficiency  has  been  attained 
on  cannery  and  pharmaceutical  waste  oxidation  with  loadings  of 
1-2  0   BOD  per  day  per  $  sludge. 

Loading-efficiency  dat--  for  any  particular  waste  must  be 
obtained  by  experimental  investigations  on  that  waste  using  well 
acclimated  sludge. 


-  13- 


Loading  applied  to  the  sludge  is  related  to  various  • 

secondary  factorfl  which  influence  the  overall  process  j 

performance,  i-iany  investigators  have  interpreted  these 
effects  in  terns  of  sludge  age  which  is  related  to  the 
length  of  time  the  sludge  has  been  undergoing  aeration, 
kludge  age  may  generally  be  considered  as  the  reciprocal  of 
the  1'  jading  factor.  Gould  (34)  has  defined  sludge  age  as  the 
mix'Jd  liquor  suspended  solids  per  suspended  solids  per  day  in 
the  raw  sewage.   A  more  fundamental  interpretation  of  sludge 
age  was  advanced  by  Heukelekian  and  Gellman  (35)  as  the  mixed 
liquor  suspended  solids  per  lbs  BOD  per  day  removed  in  the  system. 

idwards  (36)  and  Gould  (37)  showed  the  conventional  process 
to  have  a  sludge  age  of  3  -  4  days  (endogenous  phase)  and  the 
modified  aeration  process  a  sludge  age  of  0.2  days  and  0.4  days 
in  summer  and  winter  respectively.  They  reported  poor  settling 
properties  over  the  range  0.5  -  3,0  days,  a  generalized  relation- 
ship was  also  defined  in  the  NUC  report  (38)  between  the  i-iollman 
sludge  index  and  sludge  loading  factor  previously  defined. 

Haseltine  (33)  has  summarized  these  findings;  when  oxidation 
lags  adsorption,  sludge  settleability  deteriorates;  a  further  lag 
results  in  good  settling  qualities  but  poor  removals,  ixcessive 
aeration  into  the  endogenous  zone  results  in  pin-point  floe  and 
poor  removals. 

Interesting  studies  by  tocftinney  (39)  indicated  that  at 
high  loading  factors  sludge  does  not  flocculate  and  functions  as 
a  dispersed  growth.  Only  when  the  sludge  is  brought  down  approach- 
ing the  endogenous  phase  does  flocculation  occur,  Flocculation 
of  biological  sludge  is  therefore  ir.torprei.ated  as  a  function  of 
the  energy  content  of  the  system, 

Busch  (40)  has  attributed  non-flocculant  properties 
(poor  settleability)  to  a  young  sludge  population  in  the  log 
growth  phase. 

While  there  is  sone  doubt  as  to  interpretation  of  the 
effects  of  high  loadings  on  the  overall  process  performance  it 
is  generally  conceded  that  sedimentation  and  compaction  of  sludge 
is  impaired  when  high  loading  factors  are  employed. 

When  the  BOD  loading  per  unit  time  is  plotted  against  the 
BOD  removal  per  unit  time,  a  curve  is  obtained  in  which  the  removal 
approximates  a  linear  function  of  the  loading,  r.t  high  loadings 
the  removal  approaches  a  limiting  value  such  that  increased 
loadings  substantially  affect  no  further  reduction.  Various 
graphical  representations  of  loading-removal  relationships  are 
shown  on  Fig.  7. 

A  similar  loading  factor  may  be  employed  for  the  design  of 
trickling  filters,  bince  eract  measurements  of  the  quantity  of 
active  sludge  solids  are  impractical,  the  loading  factor  is  usually 
expressed  as  if   BOD  per  day  per  cu.yd.  of  media,  iiaximum  observed 
removals  in  filter  operation  are  3.1  -  3.3  $   BOD  per  day  per  cu.yd. 
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resulting  in  an  overall  process  efficiency  of  25  -  35/6  (41) 
(42)  (43),  Gince  the  quantity  of  available  sludge  in  a  filter 
has  been  shown  to  vary  from  8  -  12  J  per  yd3  for  low  rate 
filters  and  5.5.  -  11  if  per  cu.yd.  for  high  rate  filters  (44), 
the  equivalent  maximum  removals  are  0,2-0.4  #  BOD  per  day  per 
#  sludge,  oince  the  fcias  of  contact  of  BOD  through  a  high  rate 
trickling  filter  is  15-25  minutes,  it  is  probable  that  the 
initial  reactive  capacity  of  the  filter  slimes  exerts  a  major 
influence  on  filter  performance. 

Qjiyqen  Utilization 

m   has  been  shoim  in  eq,  (l)  and  (2)  oxygen  plays  an 
essential  role  in  aerobic  biological  treatment.  For  optimum 
efficiency  oxygen  must  be  supplied  at  a  rate  ef;ual  o  or  greater 
than  its  rate  of  utilization.  In  the  activated  sludge  process 
this  is  usually  accomplished  by  diffusion  from  air  bubbles  inject- 
ed into  the  liquid-sludge  j^iass  under  turbulant  conditions.  In 
trickling  filters  oxygen  is  derived  from  air  drawn  into  the  bed 
due  to  the. temperature  gradient  between  the  sewage  and  the 
ambient  air  and  from  oxygen  dissolved  in  the  incoming  waste. 

Oxygen  utilization  rate  may  be  defined  as  the  weight  of 
oxygen  consumed  by  a  given  weight  of  microbial  sludge  per  unit 
of  time.  It  is  usually  expressed  as  ppm  per  hour. 

A  linear  relationship  will  exist  between  the  sludge  con- 
centration and  the  oxygen  utilized  (45)  (46)  over  the  range  of 
sludge  concentrations  usually  employed, 

rr  ■:  kr3     (8) 

In  very  high  sludge  aoncentiations^  10,000  ppn)  the  unit  rate 
of  oxygen  utilization  may  decrease  due  to  diffusional  resistances 
(48). 

The  oxygen  utilization  rate  characteristics  of  a  sludge- 
liquid  mass  will  be  defined  by  the  quantity  of  unoxidized 
organic  matter  present  (nutrient)  and  the  growth  phase  of  the 
sludge  (i.e.  assimilation  or  endogenous  respiration).  Active 
respiration  occurs  in  the  presence  of  sufficient  food  in  which 
oxygen  is  used  by  the  sludge  to  obtain  energy  for  the  assimila- 
tion of  organic  matter  producing  CO2  and  HjO.  This  shown  by 
the  general  equation  (l). 

In  addition  to  the  above  oxidation  the  sludge  produced  by 
the  assimilation  of  organic  matter  is  continually  oxidized  by 
its  own  mass.  Hoover  (48)  has  defined  this  as  endogenous  respir- 
ation. This  oxidation  is  defined  by  iiq.  (2)  and  illustrated  in 
fig.  9. 

The  rate  of  oxidation  of  organic  matter  as  shown  in 
iij,  (1)  is  10-20  times  the  rate  of  auto -oxidation  as  shown  in 
Jiq.  (2).  Endogenous  respiration  is  frequently  defined  as  a 
percent  per  day  of  the  sludge  solids  under  aeration.  This  would 
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correspond  to  a  constant  rate  of  oxidation  per  unit  of  sludge, 
Actually  the  o:d.dation  rata  decreases  with  time  due  to  the 
fact  that  the  cell  constituents  differ  in  c%-i&   of  oxidation. 
Hutchens  has  shown  that  this  rate  of  decline  for  many  micro- 
organisms is  logarithmic  in  nature. 

The  oxygen  utilization  rate  characteristics  for  several 

systems  is  shoun  in  Table  1, 

The  total  oxygen  requirements  for  a  biological  system 
may  be  related  to  the  quantity  of  organic  matter  removed  and 
the  concentration  of  sludge  solids  according  to  Eqt   9  and 
illustrated  on  Fig,  10, 

02  c  (l-a)Lr  +•  bS    (9) 

The  constants  for  this  relationship  must  oe  e;perimentally 
evaluated  for  any  particular  waste.  Caution  must  be  exercised 
in  the  interpretation  of  A?, 9  when  orginic  matter  (BCD)  is 
stored  in  the  sludge  system  since  this  relationship  is  based  uj.on 
a  synthesis-oxidation  balance,  ,v  similar  relationship  was 
derived  by  Smith  (49)  for  the  oxidation  of  domestic  sewage. 

The  oxygen  utilization  characteristics  of  a  system  for 
process  design  may  also  be  derived  from  a  statistical  analysis 
of  utilization  rates  obtained  at  various  loading  levels. 
Statistics  are  applicable  to  the  analysis  of  data  which  involves 
variation  and  provides  a  i»iethod  for  the  significant  interpreta- 
tion of  these  data.  The  data  is  expressed  in  ter.as  of  a  range 
of  values  encompassed  by  a  stipulated  probability  of  occurrence. 
The  probability  of  occurence  may  be  obtained  graphically  from  a 
statistical  plot  on  normal  or  logarithmic  probability  paper. 
A  probability  of  occurrence  (usually  90-95 /0  of  oxygen  transfer 
and  blower  design,   The  equipment  is  then  sleeted  such  that  at 
this  value  oxygen  will  be  supplied  to  meet  the  demand  rate 
90-95^  of  the  time.  The  probability  of  occurrence  of  BOD 
removal  from  the  system  will  usually  parallel  the  oxygen  demand 
probability  curve  in  accordance  with  Eq,  1  and  2. 

It  has  been  shown  that  when  the  oxygen  concentration  in 
the  mixed  liquor  is  greatar  than  0,2  -  0,5  ppm  the  rate  of 
bacterial  respiration  is  independent  of  oxygen  concentration, 
when  the  oxygen  centration  is  below  this  value,  the  system 
becomes  oxygen  dependent  and  the  rate  of  BOD  removal  is 
decreased. 

Warburg  (51)  and  Pasveer  (52)  defined  a  mathematical 
relationship  for  oxygen  diffusion  into  microbial  cells  which 
is  a  function  of  floe  size,  diffusivity,  oxygen  utilization 
rate  and  external  concentration  of  dissolved  oxygen  (driving 
force).  Sludge  cells  tend  to  elunp  hence  to  decrease  the 
quantity  of  oxygen  which  can  be  transferred  to  them  by  an 
increase  in  resistance  to  transfer.  High  degrees  of  agitation 
will  disperse  the  sludge  clumps  and  increase  the  transfer  rate 
to  the  cells  for  metabolism.  By  decreasing  its  mean  floe  radius, 


-18  - 


Rf.LATION  8ETWE£M  ©00  REMOVED  AND  OXYGEN  uTtu^ED 


Lbs  (yOA\   =  (l-i)  Lb^  SODr/o«Y    +  b  Lb».  MLV5 

FtQU*£    tO 


Lbfe     BCOr  /OAY  /  Lb.  yiLV/S 


-  19- 

a  greater  surface  is  exposed  for  oxygen  transfer  and  the 
degree  of  oxygen  penetration  is  increased.  This  has  the 
net  result  of  increasing  the  unit  rate  of  oiygen  utilization. 
The  maximum  turbulence  desired  in  a  system  may  be  defined  as 
that  power  input  which  will  not  excessively  shear  the  floe 
particles  for  subsequent  settling.  Turbulence  and  power 
input  to  the  aeration  system  is  frequently  expressed  as 
Horsepower  absorbed  per  1000  gallons  of  tank  capacity. 

o1^dp;fl  Production 

as  illustrated  in  3q«  (l)  the  quantity  of  bacterial 
sludge  produced  will  be  proportional  to  the  BOD  removed  in  the 
process.  Additional  sludge  for  disposal  will  be  contributed 
by  inert  suspended  solids  present  in  the  waste.  The  total 
excess  sludge  produced  by  an  oxidation  system  may  therefore 
be  assumed  to  be  composed  of  microbial  protoplasm,  non-oxid- 
izable  organic  matter,  stored  organisms  and  inorganic  solids* 


The  quantity  of  microbial  sludge  produced  by  a  system 
can  be  estimated  by  a  laaterial  balance  around  the  system 
employing  2q.  (l)  and  (2)  and  illustrated  on  Fig,  11. 

Excess  biological  sludge  r aLr  -  bS    (10) 

(a" has  been  found  to  vary  from  50  -  75^  of  the  BOD  removed  by 
the  system  (assuming  no  storage) 

Sawyer  (52)  has  shown  that  the  expected  growth  of  new 
sludge  is  50-60$  of  the  dry  weight  of  organic  food.  The  data 
of  Gellman  and  Heukelekian  (35)  show  a  yield  of  0.5  §  of 
volatile  solids  per  //  B0Ds  fed  to  the  system. 

The  presence  of  inert  suspended  solids  removed  in  the 
system  will  increase  the  total  quantity  of  sludge  for  disposal 
and  Eq,  10  should  be  modified. 

Excess  sludge  r aLr  -  bS  * C    (11) 

The  theoretical  quantity  of  sludge  produced  is  directly  pro- 
portional to  the  BOD  removed.  The  portion  of  the  sludge  which 
will  be  consumed  in  the  process  by  oxidation  (endogenous 
respiraticn)  will  be  a  function  of  the  solids  concentration 
and  the  time  of  aeration.  At  lower  temperatures  the  rate  of 
endogenous  respiration  is  reduced  and  less  sludge  synthesized 
is  oxidized. 

^tritipnal  Requirements 

Efficient  and  successful  biological  oxidation  of  organic 
wastes  requires  a  minimal  quantity  of  nitrogen  and  phosphorus 
for  the  synthesis  of  new  cell  tissue.  In  addition,  trace 
quantities  of  several  other  elements  such  as  potassium  and 
calcium  are  required.  These  elements  are  usually  present  in 
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natural  waters  in  sufficient  Quantity  to  satisfy  the  require- 
ments for  bacterial  metabolism.  Nitrogen  and  phosphorus, 
however,  are  frequently  deficient  in  waste  substrates  and  must 
be  fed  as  a  nutrient  supplement  to  the  system  to  attain  optimum 
efficiency. 

The  nitrogen  cycle  in  biological  waste  treatment  is  shown 
below 

Organic 
Nitrogen 

4/ 

BOD  +  NH3  *  02 Bacterial  Cells  +  C02  f  H20 

(Organic  Nitrogen) 


1 

I 

4  02 

V 

i 

C02  + 

H20 

1     ♦ 
N02 

N03 

o2 

02 

us   may  be  observed,  some  nitrogen  will  be  recovered  and  reused 
in  the  system  due  to  the  endogenous  respiration  and  oxidation  of 
cell  tissue  with  a  resultant  release  of  ammonia  to  solution. 

Nitrogen  and  phosphorus  are  important  constituents  of 
microbial  cell  structure  and  are,  present  in  the  form  of  proteins 
and  amino  acids.  Cell  nitrogen  will  vary  from  6  -  15/6  and  phos- 
phorus from  2  -  5^  on  a  dry  weight  basis  for  most  microorganisms 
of  importance  in  waste  treatment  practice.  Studies  of  Helmers  and 
Sawyer  (53)  showed  that  for  optimum  process  efficiency  a  minimum 
nitrogen  content  of  7%  and  a  minimum  phosphorus  content  of  1#2^ 
by  weight  of  the  total  volatile  solids  should  be  maintained. 
Recent  investigations  by  Porges,  et  al,  (23)  revealed  that  while 
the  cell  nitrogen  was  12  -  1A#  in  the  endogenous  phase  storage  in 
the  active  growth  phase  reduced  the  nitrogen  content  to  7%, 

Nitrogen  in  the  form  of  ammonia,  nitrite  and  nitrate  and 
some  forms  of  organic  nitrogen  are  available  to  the  organisms 
for  synthesis.  Soluble  inorganic  phosphorus  and  most  organic 
phosphorus  are  available  for  microbial  usage.  When  a  nutritional 
supplement  is  required  for  a  biological  process,  aramoniacal 
nitrogen  and  soluble  phosphorus  salts  are  generally  used  since 
they  are  most  readily, assimilable.   It  is  usually  not  advisable 
to  add  nitrates,  because  they  serve  as  a  secondary  source  of 
oxygen  for  the  organisms.  In  secondary  settling  tanks  where  the 
available  dissolved  oxygen  may.be  depleted,  nitrates  are  reduced 
and  nitrogen  gas  is  formed,  resulting  in  a  floating  sludge. 

Because  many  activated  sludges  contain  an  appreciable 
inert  and  amorphous  fraction  the  critical  nitrogen  content  may 
be  quite  low.  For  example,  a  biological  sludge  from  a  pulp  and 
paper  waste  containing  a  large  percentage  of  stable  organic 
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matter  had  a  critical  nitrogen  content  of  3.5#  based  on  the 
total  volatile  solids.  By  comparison,  the  nitrogen  content 
of  an  average  domestic  sewage  biological  sludge  is  7.5^ 
based  on  the  total  volatile  solids. 

Nutritional  requirements  may  be  expressed  as  a  fraction 
of  the  total  volatile  solids,  as  lbs  of  N  or  P  per  100  #  BOD 
removed  in  the  process  or  as  a  BOD  or  a  BOD  ratio. 

N        P 

Nitrogen  and  phosphorus  requirements  may  be  more  rigor- 
ously computed  from  a  material  balance  based  on  the  maintenance 
of  a  minimum  nitrogen  and  phosphorus  content  in  the  biological 
sludge  produced  in  the  system. 

Nitrogen  may  be  fed  to  a  system  as  a  gas  (anhydrous 
ammonia)  as  aquous  ammonia  or  as  a  dry  feed  of  an  ammonium  salt. 
Phosphorus  may  be  solution  fed  as  phosphoric  acid  or  dry  fed  as 
a  phosphate.  The  selection  of  a  feed  system  for  any  given 
installation  should  be  determined  by  a  comparative  cost  study. 

Sedimentation  and  Flotation 

Sludge -liquid  separation  is  an  integral  part  of  biological 
oxidation  processes.  Consideration  must  be  given  the  physical 
character  of  the  sludge  solids  and  the  effect  of  process  varia- 
tions on  these  characteristics  (for  example,  anticipated  loading 
variations,  temperature,  pH,  etc.), 

The  concentration  of  active  sludge  solids  which  can  be 
maintained  in  the  aeration  basins  is  limited  by  the  settling  and 
compaction  characteristics  of  the  biological  sludge  in  secondary 
settling  tanks. 

The  two  factors  which  must  be  considered  are  the  rate  of 
sludge  settling  and  compaction  and  the  rate  and  nature  of  the 
biological  decomposition  in  an  anaerobic  environment  (clarifier). 
Both  of  these  factors  are  initimately  related  to  the  chemical 
nature  of  the  waste  being  treated  and  to  the  loading  character- 
istics of  the  sludge  system  as  previously  described. 

For  example,  an  activated  sludge  from  a  food  processing 
waste  could  not  be  maintained  in  a  final  tank  for  -lopg  periods 
due  to  its  high  activity  and  gas  production.  As  a  result,  the 
maximum  sludge  concentration  attainable  was  0.4  to  0.7*.  By 
comparison,  an  activated  sludge  from  a  pulp  and  paper  waste 
could  be  maintained  for  extended  periods  in  the  final  settling 
tank  due  to  its  low  activity  and  non-gas  forming  properties. 
Concentrations  as  high  as  3.0*  could  be  attained. 

Special  consideration  must  be  given  the  selection  and 
design  of  final  clarifiers  for  separation  of  biological  sludges. 
Density  currents  are  created  in  final  tanks  due  to  the  differ-- 
ence  in  specific  gravity  of  the  sludge  mass  entering  the  unit 
and  the  clarified  liquor  in  the'  unit.  Design  factors  have  been 


-23  - 


discussed  by  Sawyer  (55)  and  Anderson  (56), 

The  use  of  flotation  for  sludge-liquid  separation 
permits  a  higher  solids  balance  to  be  maintained  in  the 

system  independent  of  sludge  settling  and  compaction  character- 
istics, hxpe  riiitental  studies  on  activated  sludges  treating 
various  wastes  revealed  that  mixed  liquor  solids  can  be 
concentrated  to  2  -  3*  solids  by  weight  employing  pressure 
flotation. 

The  Character  of  Activated  Sludge 

The  synthesis  of  activated  sludge  is  shown  by  Eq,  (1) 
employing  ammonia  as  a  source  of  nitrogen.  The  cellular 
material  can  be  represented  by  the  eiipirical  formula 
C3H7NO2  developed  by  Hoover  (20),  This  formula  is  represent- 
ative of  the ' ratio  of  the  primary  element  constituents  of 
activated  sludge.  It  is  representative  of  the  statistical 
average  composition  of  the  complex  organic  compounds  constitut- 
ing cell  material. 

Studies  by  Helmers,  et  al,  (53)  on  various  industrial 
wastes  produced  a  sludge  of  1.02J2  phosphorus  content  and  6%  nitrogen 
content  with  the  general  formula  t22.ci-llCp5\\il7f       Ignoring  the 
phosphorus  content,  this  sludge  has  tne  lormuia  CU&i-]HD» 

In  accordance  with  Eq,  (2)  the  ultimate  oxygen  demand  of 
cell  material  is  1,42  grams  per  gram  of  cell  structure.  If  the 
volatile  solids  content  of  activated  sludge  is  assumed  to  be 
cell  material  (not  true  for  all  industrial  wastes)  the  ultimate 
BOD  and  the  COD  of  microbial  sludge  should  be  1,42  ^rams  per  gram. 

Hoover  (57)  found  an  empirical  factor  of  1,25  02  per  gm 
of  dry  weight  solids.  This  is ' equivalent  to  1,36  g  O2  per  gm 
dry  weight  volatile  solids  for  a  sludge  of  8  percent  ash  (61). 

The  heat  of  combustion  of  activated  sludge  used  in  the 
treatment  of  milk  waste  was  found  to  be  10,300  BTU  per  lb,  of 
volatile  solids  (22),  This  compares  for  the  value  of  10,000 
"  BTU  per  lb.  of  volatile  solids  reported  by  Fair  (62),  for 
domestic  sewage  activated  sludge.  The  heat  of  formation  of 
activated  sludge  volatile  solids  can  be  estimated  as  27,3  k 
cal.per  emperical  mole  (CJl^MOp)  or  435  BTU. 

The  volatile  solids  of  activated'  sludges  will  vary 
depending  on  the  nature  of  the  waste  being  treated.  A  pure 
microbial  sludge  will  generally  vary  from  90-94^  volatile  (63), 
The  volatile  content  of  dairy  waste  sludge  was  shown  to  be 
92#  by  Hoover  (62),  Studies  on  cotton  Kiering,  rag  rope  and 
brewery  wastes  by  Sawyer  (64)  showed  a  volatile  solids  content 
of  72-89  percent.  As  the  sludge  solids  are  increased  in  a 
system,  the  volatile  content  will  decrease  due  to  the  increased 
endogeneus  respiration  and  the  increase  of  inorganic  matter  in 
the  sludge  mass  as  shown  in  Fig,  3, 
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Factors  J&^&mM^,$&&®&®m  and  °°ntr^ 

Various  physical  and  chemical  factors  must  be  considered 
in  the  design  ofWogical  oxidation  systems.     The  more  important 
variables  are  temperature,  pH,  and  toxic  ions.     The  rate  of 
bacterial  growth  fgeneration  time)  and  the  aspiration  rates  of 
Scroorganiams  are  greatly  influenced  by  temperature  <g>  <*> 
(67).     The  enzyme  systems  of  the  sludge  mass  will  be  •"*£■* 
by  pH,  since  each  enzyme  ^tem  has  a  spec  fie  pH  range^68). 

^iCs^e  ll^ZSEl* Scefw^  seriously  impair 
the  efficiency  of  the  process  (69). 

Process  Design 

In  order  to  illustrate  the  application  of  the  aforementioned 
concepts  to  process  design  a  specific  example  is  presented. 

Example 

An  organic  waste  has  the  following  average  characteristics. 
(For  simpJIcUy no  consideration  will  be  given  in  this  example  for 
variability  in  waste  flow  or  strength) 

BOD,  ppm    -    980 
Flow,  mgd    -    0.94 
available  nitrogen,  ppm  as  N  5.0 

It  is  required  that  the  BOD  removal  efficiency  be  90* 

Design  Criteria: 

Return  sludge  8000  ppm  ;Sr  (based  on  sludge  compaction  ys 
decomposition  studies) 

Mixed  Liquor  Suspended  Solids  -  2500  ppm  =  Sa 

Mixsd  Liquor  Volatile  Suspended  Solids   2100  ppm 

Average  endogenous  respiration  rate  =  8*  per  day  (based  on 
volatile  solids) 

Calculations; 

B0D8  loading  --0.94  x  980  x  8.34  =  7650  lbs  per  day 

■0D8  removed  *.  7650  x  0.90*6900  lbs  per  day 

Recycle  ratio.  • Sa   *   25,00     *   0,45-  * 
Sr-  Sa    8000-2500 

Recycle  Flow  .0^5  x  0.94  -  0.42  mgd 

(The  computed  recycle  ratio  assumes  no  solids  in  the  raw  wasU. 
The  build-up  of  active  solids  through  the  aeration  system  is 
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neglected  in  the  calculation) 

Aeration  Tanks: 

From  an  experimental  of  BOD  loading  vs  efficiency 
(Fig  11)  the  allowable  loading  factor  is  1,0  lba  BOD  per  day 
per  lb  sludge. 

Lbs  BOD  per  day  per  lb  sludge    :     24^       *   1  0 

SaT(l  *  r) 

Mere  T  is    :he  detention  time  in  hours  based  on  (Q*R) 

therefore  T    ■■  24  L.  nt%n 

f_       =     24    x    980  6,5  hrs 

1.0  Sa(l ♦  r)        1  x  2500(1  *  0.^5) 

volume  of  aeration  tanks     (Qt  R)T   -    (0,94 +  0,42)x  6.5  -   0,37  mg 

2*  24 

If  contact  stabilisation  is  to  be  employed,  data  on  the  storage 
capacity  must  be  obtained  for  design  of  the  aeration  tanks. 
The  stabilization  tank  required  will. then  be  the  difference 
between  volume  of  the  aeration  tank  and  the  total  aeration 
volume  required  for  the  process. 

Air  Requirements: 

From  laboratory  or  pilot  plant  studies,  a  relationship 
such  as  Fig,  10  was  derived  (assuned  no  storage) 

lbs  O2  per  day  ;  0,48  lbs  B0Ds  removed  per  day  *  o.OG  x 
1.42  x  lbs  hLVS  (1) 

-  0.48  x  6900*' 0.08  x  1.42  xO.37  x8.34  x  2100 
4050 

oxygen  utilization  rate    lbs  02per  day  ■    4050  :    55  ppn  p»  hr 

V  x  8,34  x  24      0.37  x  8,34  x  24 

Sludge  Production: 

From  theoretical  considerations  that  the  ultimate  BOD 
of  a  waste  equals  the  sum  of  the  oxygen  utilized  and  the 
sludge  produced  by  microbial  growth,  the  following  equation 
can  be  developed: 

BOD  ultimate  removed  -  Op  utilized  *  sludge  produced  (2) 
Subtracting  (l)  from  (2J,  converting  to  5-day  BOD  units 
and  introducing  suitable  conversion  factors  yields 
lbs  VS  per  day  -0.70  lbs  B0D8  removed  per  day  -  0.08  lbs  MLVS 

.-  0,70  x  6900  -  520 

-  4300  lbs  per  day 
total  solids  produced  --  4300  a  5050  lbs  per  day 

0.85 
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Kiitrltiopal  Requirements 

From  experliaental  studies  critical  nitrogen  content  ~ 
7%  of  the  net  biological  solids 

Total  nitrogen  required -0.07  x  4300  ■■  300  lbs  per  day. 

Nitrogen  available  in  waste  --  5  Ppm  =■  40  lbs  per  day. . 

Required  nitrogen  -  260  lbs  per  day. 

The  phosphorus  requirement  may  be  similarly  computed. 

Symbols 

5  -  biological  sludge  solids 
t  -  detention  time,  hrs 

6  -  fraction  of  BOD  removed  which  is  synthesized 
La  -  applied  BOD,  ppm 

Lr  -  BOD  removed,  ppm 

k  -  velocity  coefficient  of  bacterial  growth 

g  -  generation  time,  hrs, 

r  -  sludge  recirculation  ratio,  R 

Q 

rr  -  oxygen  uptake  rate  ppm  per  hr 

kr  -  unit  oxygen  uptake  rate,  rag  per*  hr  per  gm  sludge 

b  -  endogenous  respiration,   percent  per  day 

C  -  inert  suspended  solids 

Q  -  raw  waste  flow,  mgd 

R  -  recirculated  sludge  flow,  mgd 

f  -  BOD  loading  factor,  lbs  BOD  per  day  per  lb  aeration  sludge 


TaELE  1 
Biological  Oxidation  of  Organic  ruastea^ 


i>aste 

Process 

BOD 
Loading 
n-'/day/?/5'io3 

BOD 
raw 
ppn 

jmLSS 
ppm 

aeration 

Det's 

hrs 

PtStum 
Sludge 

%  BOD 
Ueduc . 

Ref 

Sewage 

Conventional 

0,228 

153 

2050 

6.34 

35 

90 

33 

1 

6evra£  e 

High  rate 

2-08 

132 

530 

2.92 

20 

67.5 

33 

t 

tul  J  uJld 

it  per 

Conventional 

0,30 

183 

2910 

3.85 

33 

91.2 

16 

• 

Fhd.KL^ce'utd  cal 

Conventional 

1,60 

1556 

3292 

3.75 

100 

89.0 

6 

Cannerv 

Conventional 

2.56 

630 

2500 

4.8 

- 

81.6 

1 

Cdimery 

Contact  otabiliz. 

1.28 

600 

3220 

3.0 

100 

84.0 

2 

1   The  ixjj  loading  to  the  aerator  alone  is  12.4  lbs  bOD  per  day  per  lb  sludge  composed 

yrinc^r^.lly  of  cellular  storage  „ 


TABLE  11 

Observed  Respiration  Rates  in   Biological  teldat icg JZSJigS 

,r-.te  Respiration  Rate  , 

'■aste  mg  02A-7rm  s Judge 


Sewage  Active 

Sewage  endogenous 


«  n„  ■!,-«•  active 


Dairy- 
Dairy 


endogenous 


FSrSceutical  active 

Pulp  and  paper  active 


Ref 


K,  -  20  (58)   (59)   (60) 
1*65  -  9,3  (50) 

tfl  -  k5  (57) 

4-10  (57) 


35  CD 

Cannery  a°+w  76(ave.  max.   recorded)    (6) 


10  -  15  (l6) 
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When  stream  pollution  must  be  abated  economically  and 
simply  the  treatment  of  waste  water  from  small  slaughterhouses 
and  poultry  dressing  plants  operating  regularly  or  intermitt- 
ently poses  a  special  problem  in  contrast  to  the  large  complete 
meat  products  plant  with  special-  processing  and  rendering 
operations.  Ordinarily,  the  small  plant  does  not  have  a  main- 
tenance staff  and  the  number  of  employees  is  at  a  minimum. 
Thus,  any  waste  treatment  operations  will  be  of  secondary 
importance  to  the  processing  of  the  product.  Biological  methods, 
if  used  in  these  plants,  must  be  simple  to  operate  and,  if 
possible,  semi-automatic. 

Realizing  this  problem,  the  Pennsylvania  Sanitary  Water 
Board  appropriated  funds  to  The  Pennsylvania  State  University' a 
College  of  Engineering  and  Architecture  for  a  study  and  evalu- 
ation of  the  waste  problem  from  small  slaughterhouses.  The 
State  Department  of  Health  rendered  assistance  to  this  work  by 
providing  one  of  their  staff  Sanitary  Engineers  and  a  mobile 
field  laboratory;  A  pilot  plant  installation  was  erected  for 
the  purpose  of  this  study.  The  problem  of  waste  water  treat- 
ment from  the  poultry  dressing  plants  was  investigated  at  the 
University  under  the  sponsorship  of  the  United  States  Department 
of  Agriculture,  Agrioultural  Marketing  Service.  Data  for  the 
poultry  study  were  gathered  from  the  plants  operating  in 
Pennsylvania . 

T  .  Slaughterhouse  Waste 
Biological  Oxidation 

The  activated  sludge  process  was  not  included  in  this  study 
because  of  the  intensive  foaming  encountered  in  the  laboratory 
trials  before  building  the  pilot  plant.  With  more  dilute 
wastes  or  wastes  having  a  significant  fraction  of  sanitary 
sewage  there  should  be  no  difficulty  in  employing  this  process. 
In  work  subsequently  done  by  the  author  with  dairy  wastes  the 
activated  sludge  process  worked  quite  well  and  also  very  econ- 
omically as  a  batch-process  tecfinique. 

With  waste  strengths  of  1500-2600  ppm  (700-1200  ppm  BOD 
with  blodd  excluded)  BOD  the  usual  rtyle  of  trickling  filter  will 
not  provide  satisfactory  treatment,  without  two  or  more  stages, 
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or  else  a  high  recycling  ratio.  Intermittent  slaughtering 
schedules  permit  the  conventional  filter  to  dry  out  between 
uses  and  thus  damage  the  biological  flora  in  the  filter. 
Tests  in  this  study  yielded  Ibss  than  10,S  reduction  in  BOD 
using  a  conventional  six-foot  deep  filter.  The  two  to  three 
inch  stone  originally  tried  was  removed  and  replaced  with 
"rice"  and  "buckwheat"  anthracite  coal  to  a  depth  of  six  feet. 
During  five  months  Of  operation  the  coal  filter  approached  a 
BOD  reduction  of  40#  without  recycling.  Lack  of  time  and 
funds  did  not  permit  further  investigation  of  this  unit, 
although  it  would  appear  to  have  use  as  a  pre -treatment  device 
before  dischaging  waste  to  a  municipal  sewer.  The  treatments 
described  are  for  a  single  application  at  a  rate  of  2.0  mgad. 

Obviously  this  is  a  ten-fold  overload  in  regard  to 
weight  of  BOD  per  unit  volume  of  filter  medium  but  such  a  rate 
is  necessary  to  obtain  hydraulic  distribution. 

If  activated  sludge  and  conventional  trickling  filter 
methods  are  unsatisfactory  and  finer  filter  media  increases 
the  degree  of  treatment,  then  the  obvious  solution  is  very 
fine  media  or  a  sand  filter.  Sand  filters  (24  inches  deep  on 
6  inches  of  gravel)  were  built  from  washed  river  sand  and 
operated  similarly  to  the  intermittent  sand  filters  in  early 
sewage  plants.  Waste  was  applied  at  a  rate  of  200,000  gallons 
per  acre  per  day  in  four  doses  at  two  hour  intervals  and 
yielded  a  reduction  of  95#  in  the  summertime  and  85*  in  the 
wintertime,  when  two  sand  filters  were  operated  in  series. 
A  single  filter  yields  85#  and  60#  respectively.  The  waste  is 
applied  quickly  from  a  dosing  siphon  so  as  to  flood  the  filter 
surface.  It  is  recommended  that  the  underdrains  be  free 
outfalls  and  without  traps,  to  aid  in  possible  ventilation. 
Naturally,  the  waste  should  be  screened  and  settled  to  reduce 
the  filtermat  on  the  sand  surface,  Jtotary  distributors  were 
tried  but  found  to  cause  ponding  at  the  above  dosing  rate, 
and  also  required  much  greater  maintenance  than  the  filter- 
flooding  application  method. 

Recycling  was  investigated  but  is  not  recommended 
because  of  the  higher  maintenance  and  operating  costs. 
Filter  maintenance  is  quite  simple,  Aside  from  an  occasional 
light,  raking  to  remove  any  "mat,"  it  is  recommended  that  the 
top  two  inches  of  sand  be  removed  and  replaced  with  new  sand 
at  least  once  a  year.  The  effluent  from  this  treatment  has 
a  clear  pale-straw  color. 

Septic  Tank  Treatment 

Septic  tanks  have  been  used  in  many  instances  as  a 
receptor  of  slaughterhouse  waste  before  disposal  by  means  of 
a  tile  field.  In  an  effort  to  assess  the  degree  of  reduction 
offered  by  anaerobic  action  a  limited  laboratory  study  was 
made  using  samples  of  waste  from  normal  slaughtering  operations. 
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Three  16-llt-er  carbcje  were  used  as  septic  tanks  and  seeded 
with  sewage  plant  digester  sludge.  Quantities  of  waste  were 
added  at  seven-day  intervals  so  as  to  displace  10,  25  and  50* 
of  the  volume  of  carboy,  and  this  system  of  waste  addition 
was  performed  for  eight  months.  During  this  time  the  pH  of 
the  carboys  remained  at  7.4  although  highly  alkaline  waste 
was  added,  and  there  was  no  increase  in  the  volume  of  sludge. 

The  average  reduction  in  BOD  is  given  in  Table  1. 

WBLE  1 

BOD  REOUCi'ION  IN  SEPHC  iANKS 

Displacement 

One  Day     Three  Days     Seven  Days 

10*         29*         64*  93* 

25*         22*        51*  78* 

50*         10*        29*  55% 

Septic  tanks  produce  a  definite  reduction  in  the  pollution 
load  of  slaughterhouse  waste  and  satisfactory  reduction  can  be 
obtained  if  a  relatively  large  tank  size  can  be  justified. 

Chemical  Treatment 

Chemical  treatment  is  feasible  in  instances  where  land 

area  is  limited,  and  neighbors  are  in  close  proximity.  The 

operation  of  the  plant  is  simple  and  can  be  carried  out  without 
laboratory  control. 

The  hypochlorite -alum  process  developed  in  this  work  is 
based  on  the  fundamental  work  developed  and  published  by 
Halvorsen.  It  will  be  recalled  that  his  application  of  chlorine 
at  the  Horael  plant  (in  liinnesota)  was  made  without  adjusting 
the  pH  of  the  waste  to  the  protein  iso-electric  point  (pH:4.3) 
and  this  would  help  account  for  the  partial  treatment  obtained. 
In  the  Pennsylvania  process  filter  alum  is  used  to  lower  the 
pH  to  the  proximity  of  the  iso-electric  point  and  the  alum 
possessed  the  additional  virtue  that  the  use  of  grossly  excess 
amounts  would  not  produce  a  lower  pH  than  4.3.  Further,  the 
order  of  addition  of  the  chemicals  does  not  affect  the  efficiency 
of  BOD  reductions,  but  the  addition  first  of  hypochlorite  does 
yield  a  more  efficient  chemical  dosage.  Chlorine  gas  was  not 
investigated  nor  suggested  since  the  cost  and  dangers  of  using 
it  are  too  great.  The  chlorine  compounds  studied  were  calcium 
hypochlorite,  chlorinated  lime  and  sodium  hypochlorite  solution, 
and  all  worked  equally  well. 

The  hypo chlorite -alum  treatment  of  slaughterhouse  waste 
will  produce  95*  or  better  reduction  in  BOD  values  of  1000- 
3000  ppm,  but  the  reduction  drops  off  rapidly  to  60  t0  70*  as 
the  amount  of  process  cooking  in  the  plant  increases.  Hypochlorous 
acid  will  precipitate  fresh  animal  proteins  almost  completely, 
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but  because  of  protein  hydrolysis  due  to  cooking,  the  amount 
of  original  proteins  capable  of  being  precipitated  is  reduced 
and  the  amount  of  130D  reduction  correspondingly  decreases. 
The  protein  coagulation  and  precipitation  is  immediate  and  the 
sludge  consolidates  to  a  volume  of  20  gallons  per  hog  and 
50  gallons  per  steer,  leaving  about  85^  of  the  waste  volume 
as  a  colorless,  clear  effluent  which  is  decanted  with  an 
adjustable  effluent  pipe.  These  data  are  intended  for  a 
fill-and-draw  type  of  plant  which  is  much  simpler  for  a  small 
slaughterhouse,  "he  average  dosage  of  calcium  hypochlorite 
used  was  three  ounces  per  hog  and  10  to  15  ounces  per  steer. 
The  amount  of  alum  used  depended  on  the  pH  and  alkalinity  of 
the  water  supply  but  will  range  from  10  to  20  pounds  per 
1000  gallons  of  waste.  In  the  absence  of  pH  measurements 
(after  adding  alum)  a  sufficient  dosage  will  be  shown  by  a 
clear  colorless  supernatant  in  contrast  t0  a  tan  color  when 
under-dosed. 

The  sludge  produced  (98,S  water)  was  dewatered  and  dried 
on  under-drained  sand  beds  and  under  favorable  weather  conditions 
could  be  removed  in  five  t0  seven  days.  There  is  no  odor  lo 
the  material  and  eventually  it  oxidizes  to  a  hard  black  inert 
plastic-like  substance.  One  advantage  of  this  sludge  is  that 
rain  cannot  re-wet  it  after  an  air  exposure  of  two  t0  three 
days,  rt  variation  in  the  effluent  system  involves  constructing 
the  sludge  beds  of  sand  underlaid  with  graded  gravel  and  under- 
drain  tiles.  The  tank  contents  (supernatant  first)  are  drained 
to  the  bed  with  a  two  foot  head  of  applied  liquid,  and  finally 
the  sludge.  This  set-up  can  be  operated  at  a  two  gallon  per 
minute  per  square  foot  rate  for  the  entire  waste  volume. 

In  the  event  any  sludge  accidentally  reaches  the  stream 
there  is  no  harm  t0  fish  life  as  toxicity  tests  were  made  with 
it  using  two-inch  blue  gill  sunfish.  A  one  percent  sludge 
concentration  in  the  aquarium  water  did  not  affect  them  in 
seven  days  contact. 

U  Poultry  Dressing  Waste 

Poultry  dressing  waste  is  very  similar  to  the  slaughter- 
house waste  except  for  the  matter  of  feathers.  For  this  study 
it  was  assumed  that  all  feathers  would  be  screened  from  the 
waste  before  leaving  the  plant.  The  type  of  operation  in 
regard  to  manure  and  blood  disposal  will  greatly  affect  the 
strength  of  the  waste.  With  blood  and  manure  removed  the 
BOD  will  be  approximately  500-600  ppm,  but  when  both  are 
included  it  can  easily  be  3000-3500  ppm. 

For  this  investigation  chickens  were  assumed  to  have  a 
live  weight  of  3.5  lbs.  and  a  dress  weight  of  2.5  lbs.  Water 
usage  (waste  volume)  was  found  t0  have  an  average  value  of 
one  gallon  per  pound  of  live  weight  of  birds  processed 
(3.5  gallons /bi rd ) .  Under  average  conditions  with  good 
housekeeping  the  average  wieght  of  BOD  was  found  t0  be  25  lbs. 
per  1000  chickens • 
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In.  preparing  these  cost  estimates  of  both  the  initial 
construction  cost  and  the  annual  operating  expenses,  it  was 
necessary,  in  order  to  simplify  the  calculations,  to  make 
various  basic  assumptions.  It  is  believed,  in  view  of  the 
assumptions  used,  that  the  relative  values  shown  are  correct, 
whereas  various  authorities  may  differ  on  the  actual  assumed 
design  and  cost  values. 

In  general  the  estimates  show  that  the  cheapest  system 
to  install  and  operate  is  spray  irrigation.  The  next  cheapest 
is  subsurface  tile  field,  and  the  most  expensive  are  the 
trickling  filter  installations.  In  the  case  of  the  filters 
recycling  of  the  waste  reduces  the  capital  investment  and  does 
not  markedly  increase  the  operating  cost  in  spite  of  the 
continuous  pumping  required.  Municipal  sewage  disposal  is 
comparable  to  the  tile  field  and  recycling  trickling .filter 
costs  and  is  to  be  recommended  in  view  of  the  freedom  from 
operation,  maintenance,  and  responsibility.  Activated  sludge 
was  not  considered  in  this  study  because  of  the  numerous  systems 
and  different  items  of  equipment  which  might  be  employed  for 
this  process.  It  is  the  feeling  of  the  author  that,  in  general, 
the  activated  sludge  process,  if  standardized  for  this  type  of 
waste,  should  prove  cheaper  to  operate  than  either  of  the 
filter  installations. 

For  estimation  of  disposal  by  spray  irrigation  a  basic 
application  rate  of  10,000  gallons  per  acre  per  day  was  employed. 
Basically  the  principle  of  application  involved  for  irrigation 
systems  would  apply  twice  the  basic  rate  on  alternate  days  and 
thus  allow  the  sprayed  area  a  resting  period  of  approximately 
36  hours.  The  sump  size  was  designed  so  as  t0  operate  the 
sprinklers  15-20  minutes  out  of  each  hour.  The  cost  of  the 
sewer  from  the  plant  t0  the'  8pray  field  was  not  tajcen  into 
consideration  in  these  estimates,  The  area  and  dosing  rates 
involved  are  for  an  eight  hour  dressing  operation  per  day,  it 
was  assumed  that  the  spray  area  contains  a  crop  of  pasture 

frass,  alfalfa  or  similar  cover  crop.  The  laterals  supplying 
he  spray  nozzels  are  sloped  so  as  t0  drain  back  to  the  pump 
sump  when  pumping  ceases  and  tfcuB  prevent  freezing  in  winter 
weather.  1^  is  assumed  that  an  ice-cap  will  cover  the  area 
during  severely  low  temperatures  and  that  this  ice-cap  will  melt 
slowly  in  the  warmer  weather  without  objectionable  run  off. 

For  the  tile  field  installation,  a  soil  having  a  percolation 
rate  of  five  minutes  per  inch  of  water  soakage  was  assumed  to  be 
available.  If  the  percolation  rate  is  considerably  less  than  this 
value  it  would  be  necessary  to  increase  the  tile  field  installation 
proportionately.  The  Hie  field  laterals  had  a  maximum  length  of 
100  ft.  and  were  located  on  10  foot  centers..  The  pipes  were 
located  in  12  inches  of  gravel  in  a  36  inch  wide  trench.  Thi8 
tile  field  was  designed  t0  be  dosed  four  times  per  day  with  an 
automatic  siphon.  *he  cost  0f  the  sewer  from  the  plant  t0  tn« 
siphon  chamber  was  not  included  in  this  estimate. 
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The  available  da^a  in  the  literature  on  the  calculation 
of  municipal  sewer  service  charges  for  fchi  amount  t0  be  charged 
t0  industries  is  confusing  and  conflicting  since  it  no*-  only 
involves  the  strength  of  the  waste  and  its  volume,  but  aiso 
the  accessed  valuation  of  the  industry  itself,  it  was  decided 
t0  assume  a  constant  tD  be  applied  t0  tiie  domestic  sewage  volume 
rate  t0  yield  the  annual  charge  for  poultry  dressing  plants. 

'rhe  trickling  filter  installation  was  divided  infco  two 
types:  no  recirculation  and  a  recirculation  rate  of  4:1. 
In  both  cases  it  was  assumed  that  a  filter  depth  of  6  t0  8  fee^ 
would  be  employed.  The  method  of  arriving  a*-  the  t0tal 
construction  was  t0  develop  first  the  cost  of  the  filter  itself 
and  then  tQ  add  t0  it  75^'  -  80*  for  the  cost  0f  sedimentation 
tanks,  pumps,  and  piping.  The  acre-foot  of  stone  media  required 
for  these  units  was  based  upon  the  formula  provided  in  the 
report  0f  the  National  uesearch  Council  of  i-ay,  1946.  Commonly 
prevailing  engineering  costs  estimates  were  employed  for  the 
filter  components. 

In  all  of  the  above  installations  except  municipal  disposal 
the  annual  cost  was  computed  by  means  of  the  following  formula: 

CC  9  C  r  8/r  T  C 
n 

where  CC  is  the  capitalization  cost,  c  is  the  construction  cost# 
0  is  the  operating  cost,  r  is  the  interest  rate,  n  is  the  number 
of  years  of  useful  life  or  t-ax-write-of f  period.  In  this  case 
r  was  0.03  and  n  was  15  (years).  Thc  annual  cos1,  shown  in  this 
estimate  was  obtained  by  dividing  fche  capitalization  cost  by  ^he 
number  of  useful  years  (15). 

For  this  comparison  of  costs  a  waste  volume  of  25,000 
gallons  per  day  wi^h  a  strength  of  800  ppm  BOD  is  assumed. 
Spray  irrigation,  sub-surface  tile  field,  trickling  filters  and 
municipal  sewer  system  were  evaluated.  The  construction  cos1 
of  the  first  three  was,  respectively,  £6000,  #20,000,  and 
$52,000.  With  recirculation,  the  trickling  filter  installation 
would  cost  ^22,000.  Computed  annual  costs  were  respectively: 
#3,300,  ^5,400,  ^13,000  and  v9,0Q0.  The  estimated  annual  sewer 
service  charge  was  »>4,900, 

If  land  was  available  %©  low  cost,  and  simplicity  of 

operation  and  maintenance  would  favor  the  spray  irrigation  system. 

The  spray  irrigation  and  the  Hie  field  system  would  each  require 


spray  **.*$. 

tv 


were 


approximately  three  acres  of  ground  area.  Inhere  sewers  v 
available  they  would  be  preferable,  in  spite  of  the  cost 
differential,  because  of  the  freedom  from  operation  responsibility 
and  its  attendant  problems. 

In  general  summary,  the  method  used  would  be  evaluated  by 
these  five  criteria: 

1.  The  firs1  cost  0f  construction  must  be  low. 
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2.  Operating  costs  must  be  resonable. 

3.  The  process  musi,  be  si.iple. 

4.  wechanical  equipment  should  be  held  to  a  minimum 
to  prevent  shutdown  due  to  mechanical  failures 
and  to  cut  i.uintenance  costs. 

5.  Operational  duties  should  be  simple  and  not 
require  much  time,  careful  control  or  unpleasant 
tasks. 
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SYNOPSIS 

The  waste  effluent  from  metal  finishing  plants  contains 
numerous  toxic  compounds.  The  treatment  of  this  waste  before 
discharging  it  is  a  serious  problem  affecting  the  metal  work- 
ing industry,  uhen  evaluating  the  problem  of  waste  treatment, 
it  is  found  that  the  treatment  of  the  contaminated  rinse 
waters  is  the  main  issue.  A  simple  method  for  the  elimina- 
tion of  this  type  of  pollution  is  introduced  in  the  form  of 
the  integrated  waste  treatment  system.  Few  specific  examples 
of  this  treatment  method  are  discussed. 


IHTrtODUCnON 

Among  the  industries  discharging  hajmfti  wastes,  the 
metal  finishing  trade  is  an  important  element.  The  chemicals 
employed  in  the  make-up  of  metal  processing  solutions  are 
extremely  toxic  to  aquatic  life.  Another  factor  contributing 
to  the  seriousness  of  the  question  is  the  fact  that  the 
industry,  especially  the  electroplating  trade,  is  made  up  of 
a  large  number  of  relatively  saiall  plants  dispersed  everywhere 
where  metal  working  industry  is  established.    The  economical 
burden  of  waste  treatment  is  naturally  much  heavier  for  the 
smaller  establishments  both  insofar  as  investments  for 
treatment  facilities  are  concerned  and  also  because  it  requires 
the  time  of  the  scarce  technically  skilled  help. 

Evaluation  of  the  polluting  wastes  from  Electroplating  processes. 

The  polluting  wastes  discharged  by  the  typical  electro- 
plating plant  may  be  divided  in  two  general  categories,  such  as: 
1.  concentrated  and  2.  dilute  wastes, 

1.  Concentrated  wastes  are  the  spent  acid  pickling  solutions, 
bright  dips,  passivating  solutions,  alkali  cleaners,  stripping 
solutions,  etc.  Generally  these  are  process  solutions,  which 
lost  their  usefulness  due  to  a  high  build  up  in  either: 

1.  metallic  salts; 

2.  organic  materials,  such  as  oils; 

3.  broken  down  and  expended  chemical  compounds. 
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The  regeneration  of  these  process  solutions  usually 
is  economically  unjustified, 

11,   Dilute  wastes  are  the  diverse  rinse  waste  effluents 
coming  from  the  electroplating  process.  Some  of  the 
process  solutions  employed  contain  such  highly  toxic 
compounds,  that  eve  trace  quantities  carried  by  the  rinse 
water  have  to  be  considered  toxic. 

The  evaluation  of  a  particular  waste  treatment  problem 
will  depend  to  a  great  extent  on  the  local  conditions.  If 
it  is  only  the  harmful  effect  of  the  wastes  on  the  sewers 
and  on  the  facilities  ox  the  local  sewer  works  which  has  to 
be  avoided,  possibly  only  the  concentrated  wastes  will  have 
to  be  treated.  On  the  other  hand,  if  the  receiver  of  the 
waste  effluent  is  a  stream,  both  the  concentrated  and 
dilute  wastes  will  require  treatment.   Complete  treatment 
of  the  dilute  wastes  is  required  also  './hen  the  potential 
hazard  to  the  sewerage  treatment  plant  is  considered. 

The  treatment  of  the  concentrated  wastes  is  a  relatively 
simple  procdure.  The  dumping  of  process  solutions  occurs 
only  after  reasonably  long  periods  of  use;  the  total  quanti- 
ties are  not  too  large;  some  of  the  wasted  solutions  may  be 
used  to  effect  chemical  treatment  on  others  help  neutralize 
each  other.  The  chemical  reactions  involved  are  simple  and 
a  reasonably  sized  holding  tank  will  allow  a  treatment 
frequency  of  only  once  or  twice  weekly. 

It  is  believed  that  the  real  problem  in  connection  with 
metal  finishing  waste  treatment  is  the  treatment  of  the  dilute 
wastes. 

We  are  dealing  here  with  comparatively  large  quantities 
of  waste.  Profuse  rinsing  is  a  prerequisite  of  a  sound 
finish  because: 

1,  A  film  of  dissolved  chemicals,  on  the  work 
in  process  which  when  reacting  with  the 
chemicals  contained  in  the  next  process 
solution  might  lead  to  a  precipitate  on  the 
surface  to  be  finished.  Some  of  the  effects 
of  insufficient  rinsing  could  be  porosity  of 
the  metallic  or  non  metallic  deposits,  lack 

of  adhesion,  blistering  of  the  deposit,  spotting, 
tarnishing  cloudy  films,  etc, 

2,  Continuous  drag-in  of  foreign  chemical  compounds, 
would  soon  pollute  the  processing  solution  next 
in  the  line, 

Waste  treatment  adds  to  the  operating  costs. 

One  finishing  plant  will  usually  employ  a  number  of 
different  process  solutions;  the  rinse  waters  thus  are 
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contaminated  by  different  chenical  compounds,  which  vdll 
require  different  but  specific  chemical  treatments.  It 
becomes  necessary  then  to  segregate  the  waste  waters 
according  to  the  subsequent  chemical  treatment  cycle  they 
will  be  subjected  to,  and  collect  them  for  treatment. 

Continuous  treatment  lines  are  not  accepted  by  many 
of  the  Sanitary  authorities  mainly  because:  1.  large 
variations  in  flow  rates  and  chemical  loads;  2.  the 
extremely  high  toxicity  of  the  waste,  even  in  trace  con- 
centrations; 3.  the  toxic  nature  of  some  of  the  chemicals 
used  for  the  treatment;  4.  the  time  required  for  some 
specific  reactions  to  progress  to  completion;  5.  the  lack 
of  sensitivity  and  sometimes  dependability  of  automatic 
control  instruments. 

The  segregation  and  collection  of  these  wastes 
requires  large  containers,  actually  several  set  of 
containers  for: 

1.  collection; 

2.  treatment; 

3 .  stand-by; 

4.  settling; 

5.  blending  and  discharge. 

A  reasonable  number  of  pumps,  chemical  feeders,  mixers, 
flow  meters,  and  control  instruments  are  also  needed. 
Technical  supervision,  some  manual  and  Laintenance  labor, 
and  the  chemicals  consumed,  added  to  the  amortization  cost 
of  the  physical  plant  constitute  the  operating  expenses  of 
the  treatment  plant. 

The  Integrated  Waste  Treatment  System 

Analyzing  the  problem  as  stated  in  connection  with 
the  treatment  of  the  dilute  plating  wastes  we  might  draw 
the  following  conclusions: 

1.  The  pollution  problem  is  due  to  the  discharge 
of  large  quantities  of  rinse  waters  contamin- 
ated by  a  relatively  low  concentration  of  toxic 
chemical  compounds. 

2.  This  waste  is  not  due  to  some  chemical  by- 
product which  is  a  necessary  result  of  the 
metal  finishing  process;  rather  it  is  caused 
by  the  requirer.ient  of  repeated  washing  during 
the  processing  cycle. 

From  these  considerations  it  follows,  that  if  we 
could  eliminate  the  toxic  compounds  before  they  are  washed 
off  we  could  meet  the  requirements,  for  profuse  rinsing 
without  causing  pollution.  It  is  necessary  then  to  in- 
tegrate the  waste  elimination  steps  into  the  processing 
sequence  and  establish  the  treatment  as  an  organic  part  of 
the  whole  process. 
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The  objectionable  c'.-e'tical  coj'.uxjunds  ^«ay  be  removed 
from  the  *crk  In  process  before  they  could  reach  the  sewer 
by  either  recirculating  the  rinse  waters  through  ion-ex- 
changers or  by  cheaical  treatment  preceeding  the  rinsing 
steps* 

The  integrated  Waste  treatment  System  is  based  on 
chemical  treatment- methods  and  the  general  conception  may  be 
described  as:  chemical  treatment  of  the  objectionabla  toxic 
compounds  and  their  removal  from  the  work  in  process-preceed- 
ing  the  rinsing  with  running  water. 

The  chemical  treatment  solution  is  kept  in  a  closed 
system  and  it  is  not  wasted  as  a  rule,  but  inay  be  discharged 
after  prolonged  use.  The  treatment  wash  station  is  an  integral 
part  of  the  finishing  line  and  it  is  connected  to  a  larger 
treatment  solution  reservoir.  The  treatment  solution  is  constantly 
recirculated,  the  chemicals  consumed  in  the  treatment  process 
are  replanished  and  the  precipitated  salts  removed  through 
settling  or  filtration.  The  treatment  solution  contains  consider- 
able excess  of  the  cheudcals  used  for  the  treatment.  This 
feature  avoids  the  necessity  of  close  control,  maintains  a  more 
even  level  of  available  chemicals  regardless  of  fluctuations  in 
the  drag-in  rate  and  in  some  cases  accelerates  the  anticipated 
chemical  reactions.  Since  the  treatment  solution  is  not  expend- 
able the  higher  concentration  of  reagents  maintained  does  not 
imply  wasteful  consumption  of  the  treatment  chemicals. 

The  choice  of  the  chemical  reaction  to  be  adapted  for 

this  type  of  treatment  lias  to  be  such,  that  it  suits  the 

finishing  cycle  while  fulfilling  the  objective  of  toxic  waste 
elimination. 

The  requirements  for  a  satisfactory  treatment  solution 
may  be  enumerated  as  follows! 

1.  it  should  not  tarnish,  discolor  or 
stain  the  work; 

2.  it  should  not  harm  the  functional 
qualities  of  the  finish  such  as: 
corrosion  resistance,  activity 
for  receiving  subsequent  electro- 
deposits,  paintability  and  paint 
adhesion,  etc.; 

3.  it  should  give  an  instantaneous 
reaction  with  the  toxic  compounds 
since  the  chances  for  harmful 
dragout  into  the  subsequent  run- 
ning water  rinse  will  depend  on 
the  concentration  level  in  the 
treatment  solution; 
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4.  it  should  lead  bo  a  precipitate  or 
gaseous  breakdown  product  to  elimin- 
ate undue  chemical  build  up  and  the 

need  for  frequent  during. 

Dependent  on  the  chemistry  of  the  particular  treatment 
to  be  used  and  also  to  rjome  extent  on  the  receiver  of  the 
final  effluent,  the  treatment  system  may  consist  of  one  or 
two  steps  .with  as  many  different  treatment  solutions.  As 
an  example  we  could  mention  high  and  low  pH  cycles,  reduction 
and  subsequent  precipitation  steps,  etc. 

Evaluation  of  the  integrated  method  of  waste  treatment 

The  advantages  of  the  Integrated  waste  Treatment  System 
are  numerous  and  probably  decisive  for  the  electroplating 
trade. 

1,  The  capital  outlay  for  treatment  equipment  is 
but  a  si.iall  fraction  of  the  productive 
equipment  cost, 

2,  The  waste  treatment  is  integrated  into  the 
finishing  line,  thus  no  separate  treatment 
plant  is  required, 

3,  The  floor  space  occupied  is  oct-Zland  may  be 
further  minimized  by  occupyine  space  over- 
head or  below  floor  level. 

4,  iome  reduction  in  chemical  consumption  is 
achieved  especially  when  in  a  conventional 
batch  plant  L.rge  quantities  of  wastes  have 
to  be  subjected  to  low  pH  treatment  and 
subsequent  neutralization, 

5,  The  need  for  close  chemical  control  is 
eliminated  due  to  the  wide  limits  allowed 
when  working  with  a  constant  excess  of 
treatment  c  hemi  cal  s . 

6,  3to  separate  personnel  is  required  for  the 
operation  of  the  treatment  system.  Simple 
test  methods  approximating  the  concentrations 
of  chemicals  is  sufficient  and  allow  the 
integration  of  the  waste  treatment  plant 
into  the  regular  duties  of  the  supervisory 
and  operating  labor  usually  employed. 

7,  iteduced  quantities  of  rinsing  water  may  be 
employed  due  to  the  better  rinsability  of 
the  work  after  treatment  and  the  reduction 
in  contaminants. 
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8.  The  rinse  waters  are  free  of  night  concentration 
of  dissolved  and  suspended  solids,  the  color 
and  clarity  are  excellent  in  comparison  to  the 
effluent  from  a  conventional  treatment  plant. 

9.  The  effluent  is  far  more  free  of  toxic  compounds 
than  is  the  case  with  the  average  conventional 
treatment  plant.  "Tie  reason  for  this  is  simple; 
it  is  easier  to  work  with  an  excess  of  treatment 
chemicals  in  a  closed  recirculated  system  espec- 
ially when  it  involves  the  precipitation  of  trace 
quantities  of  heavy  metal  complexes. 

Specific  examples  of  integrated  waste  treatment 

1.      Treatment  method  after  a  cyanide  type  of  plating 
solution: 

The  toxic  compounds  to  be  eliminated  are  the  cyanide 
radical  and  the  heavy  metal  ions,  such  as  copper,  zinc, 
cadmium.  The  oxidation  of  the  cyanide  complexes  through 
clilorination  is  one  of  the  simplest,  cheapest  and  fastest 
chemical  treatment  methods  and  may  be  employed  in  the 
integrated  system  very  advantageously,  a  free  chlorine 
excess  of  30-80  ppm  is  used  at  a  pH  of  9-10,5.  Chlorine  gas 
or  a  hypochlorite  solution  as  the  source  of  free  chlorine  is 
equally  satisfactory.  The  underlying  chemical  reaction  is 
thoroughly  explored  and  it  may  be  assumed  to  go  through  in 
two  steps : 

1.  NaCN   2KaOH  +  Cl2  ""■  NaCNO  ♦  2NaCl  l-H20. 

This  first  step  is  a  very  rapid  reaction  converting 
the  cyanides  into  cyanates,  compounds  of  considerably  lesser 
toxicity,  'Vlth  further  additions  of  free  chlorine  the  second 
reaction  proceeds  at  a  somewhat  lower  rate  of  speed.  At  the 
stated  pH,  with  the  excess  chlorine  stipulated  at  room 
temperature,  in  about  2-4  hours,  the  cyanates  are  broken  down 
into  nitrogen  and  carbon  dioxide  gas  according  to  the  assumed 
formula: 

2.  2  NaCNO  f 4  NaOH  f*3  Cl2 -"» 2  C02f6  NaClf  N24-2  H20. 

The  relatively  high  chlorine  excess  accelerates  the 
breakdown  of  the  cyanates  and  allows  the  quantitative  precip- 
$  Nation  of  the  toxic  heavy  metal  salts.  In  the  event  that  the 
treatment  follows  copper  plating  from  a  tochelle  salt  solution, 
sufficient  quantities  of  calcium  chloride  or  lime  has  to  be 
added  to  the  treatment  solution  to  effect  the  complete  precipi- 
tation of  the  copper. 

The  clilorination  type  treatment  solution  does  not  affect 
the  appearance  or  corrosion  resistance  of  the  deposit  nor  does 
it  alter  the  surface  activity  of  a  copper  deposit  insofar  as  the 
adhesion  of  subsequent  nickel  plating  is  concerned,  A  distinct 
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improvement  in  rinsability  is  achieved  if  comparing  rinsing 
after  the  treatment  with  washing  after  plating  is  an  install- 
ation without  the  incorporated  treatment  step. 

h   typical  integrated  treatment  line  following  plating 
from  a  cyanide  type  electrolyte  consists  of  a  treatment  wash 
station  in  the  processing  line  following  the  plating  step. 
A  larger  treatment  solution  reservoir  is  also  provided  and  this 
is  in  a  pumping  recirculatory  connection  v/ith  the  treatment 
wash  station,  The  provision  of  the  reservoir  allows  a  larger 
quantity  of  treatment  solution  in  constant  use,  reducing  the 
fluctuation  in  chemical  composition  and  provides  settling 
facility  for  the  precipitated  metallic  salts.  The  treatment 
wash  solution  as  it  is  recirculated  between  the  treatment  wash 
station  and  reservoir  tank  is  constantly  enriched  with  chlorine 
gas  and  caustic  soda  or  a  hypochlorite  solution  to  replenish 
the  chemicals  consumed. 

Won  tojdc  salts  such  as  sodium  chloride,  sodium  carbonate, 
etc.,  fllowly  accumulate  in  the  treatment  solution,  i^very  2-4 
Lionths  depending  on  the  particular  installation,  the  treatment 
solution  should  be  discarded  and  a  new  treatment  solution  made 
up.  h  holding  tank  is  usually  provided  ror  this  purpose  and 
also  for  periodic  draw  off  for  systems  using  the  hypochlorite 
method  of  chlorine  feed,  'Tie  use  of  this  holding  tank  allows 
leisurely  time  for  analysis,  reduction  of  the  excess  chlorine, 
precipitation  of  possible  traces  of  copper  or  other  heavy  metal, 
adjustment  of  pH  and  slow  bleeding  off  of  the  clear  effluent. 

Automatic  control  instrumentation  based  on  pH  control 
arid  depending  on  the  redox  potential  can  be  used.  The  redox 
potential  is  a  dependable  indication  of  the  quantity  of  the 
available  free  chlorine.  The  potential  depends  also  on  the 
pH,  thus  it  is  necessary  to  control  the  pH  to  be  able  to  use 
the  electrode  system  for  the  automatic  control  of  the  chlorine 
feed. 

111.   Treatment  after  chromium  plating,  chromic  acid 

anodizing,  dichromate  type  passivatina  dips,  etc. 

A  two  step  process  is  usually  employed.  The  first 
treatment  insures  the  reduction  of  the  hexavalent  chromium 
to  the  trivalent  state  while  the  second  treatment  serves  for 
the  precipitation  of  the  chromic  salts. 

Generally,  sulfur  dioxide  gas  is  used  for  the  reduction 
phase  of  the  treatment.  "Tiere  are  a  number  of  important 
considerations  making  sulphur  dioxide  the  preferred  reducing 
agent  in  this  reaction,  these  are: 

1.  ease  of  handling,  adjusting  the  rate  of  flow,  etc; 

2,  the  greater  driving  force  of  this  reaction  allows 

a  wide  pH  range—  from  acidic  to  slightly  alkaline— 
for  instantaneous  reduction  to  take  place,  consider- 
ing the  usual  excess  of  reducing  agent  in  solution; 
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3*  the  sulfurous  acid  formed  as  the  gas  is 
absorbed  in  the  solution  regulates  the 
pH  effectively  eliminating  the  need  for 
separate  acid  additions; 

4,  the  basic  chromic  sulfate  formed  will 
require  siiialler  quantities  of  alkali 
for  the  subsequent  precipitation. 

The  second  treatment  step  used  for  the  elimination  of 
chromium  waste  consists  of  a  slightly  alkaline  wash  solution 
containing  traces  of  reducing  agent,  such  as  sodium  hydro- 
sulphite  (Ha2  S2O4),  to  maintain  a  reducing  potential  and 
eliminate  the  possible  traces  of  hexavalent  chromium  not 
reached  in  the  first  treatment,  h   sodium  carbonate,  lime 
solution  at  a  pH  of  6-S  may  be  employed. 

The  probable  chemical  reduction  of  the  hexavalent 
chromium  with  302  Sas  *s  expressed  as  follows: 

1.  (a)  S02fH2Q  —H2303 

2.  (b)  2H2Cro4+  3H2S03  ^  Cr2  (304)3+  5H20 

3.  Na2  Cr2  07.  2H20+  3S02-~>  Cr2  (0H)2  (S04)2+- Na2S0^  H20, 

It  will  depend  on  the  particular  process  on  hand  at  what 
pH  the  reduction  reaction  should  take  place.  While  a  pH  of  2-3 
is  harmless  for  a  treatment  after  chromium  plating,  a  pH  near 
neutral  is  required  after  chromic  acid  anodizing,  or  dichromftte 
passivation  of  brass,  zinc,  cadmium,  etc. 

The  speed  of  the  reaction  depends  on  the  pH  and  excess 
reducer  available  while  an  increase  in  temperature  alBo  acceler- 
ates the  reduction.  The  hydrosulphite  ion  has  an  even  greater 
reducin  g  potential  for  hexavalent  chromium  compounds  and  it 
may  be  assumed  to  accomplish  instantaneous  reduction  at  an 
alkaline  pH  with  only  a  10-20^  excess  of  the  stoichiometric 
equivalent* 

In  a  typical  treatment  layout,  the  first  treatment  wash 
follows  the  chromium  plating,  possibly  after  a  drain  station 
which  serves  to  reduce  the  chemical  dragout.  The  second  treatanent 
is  next  in  the  line  and  is  followed  by  a  running  water  or  spray 
rinse.  Both  these  treatment  wash  tanks  are  connected  through  a 
pump  with  a  larger  treatment  solution  reservoir  and  are  constantly 
recirculated.  The  purpose  of  the  treatment  reservoir  here  is 
simply  to  expand  the  usually  small  holding  capacity  (100-200  Gel) 
of  the  wash  station  in  the  line  and  thus  level  off  possible  large 
fluctuations  in  the  chemical  concentration. 

The  sulfur  dioxide  is  added  through  a  porous  stone  or  lead 
pipe  diffuser  after  passing  through  a  pressure  regulating  valve, 
flow  meter,  gas  dryer  and  vacuum  breaker.  The  chemical  consump- 
tion in  the  second  treatment  solution  is  very  small.  Only  the 
chromic  salts  dragged  in  from  the  first  treatment  step  are 
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precipitated  here.    Kanual  replenishment  of  the  chenicals 
once  daily  is  usually  sufficient,  %e  insertion  of  a  filter 
in  the  recirculating  line  will  constantly  remove  the  small 
amounts  of  precipitate  formed  and  perpetuate  the  usefulness 
of  the  second  treatment  solution, 

The  first  treatment  solution  is  allowed  to  build  up 
to  a  concentration  of  1-2  lb, /gal,  chronic  acid  equivalent 
in  chromic  salts  and  .is  then  pimped  to  a  neutralization  tank. 
The  neutralization  and  precipitation  of  ne  chromic  salts  is 
affected  by  the  additions  of  diy  lime  and  the  resultant  slurry 
is  pumped  to  a  sludge  bed  for  drying.  The  by-product  dry 
sludge  is  of  commercial  value. 

lie  rate  of  suJphur  dioxide  flow  aid  ph  .nay  be  easily 
controllsd  automatically  by  the  use  of  instrumentation  bated 
on  the  redox  cotential  of  the  solution,  i.ariual  control  is 
also  easy:  it' Is  sufficient  to  use  a  Foot  tool  to  approximate 
the  e^iess  reducer  present.  Simple  pH  f^t   test  nay  take 
care  of  the  second  treatment  wash  solutions 


a   simple  treatment  of  plating  waste  is  made  possible 
fcr  even  the  silliest  plart  without  incurring  great  expenses. 
Neither  the  physical  plant,  nor  the  operating  expenses  are 
of  sufficient  magnitude  to  affect  the  economy  of  operations. 
All  metal  finishing  plants  could  be  designed  in  the  future  to 
completely  eliminate  all  toxic  waste,  regardless  of  the  lower 
<rtandards"  allowed  oy  the  local  conditions;  the  cost  of  waste 
treatment  is  s,n?.ll  and  wsll  worth  the  benefits  derived  in  the 
process,  better  ringing  can  be  achieved,  allowing  a  reduction 
in  tho  water  consumption  rate.  Cleaner,  stain-free  finishes 
■say  be  had  even  with  shapes  notorious  for  trapped  chemicals. 
The  most  outstanding  difference  is  noticed  after  chromium 
plctL.ngj  the  usual  chromic  acid  drying  ©tains  are  all  elimin- 
ated and  the  plating  rfi*S  may  be  maintained  with  an  "as  new" 
appearance,   '"he  chances  for  contamination  of  the  process 
soDrtions  is  eli:.d,vted,   The  need  for  better  housekeeping 
teaches  better  working  habits,  improves  efficiency  and  reduces 
chemical  waste. 


-  50- 
Water  Quality  Criteria  for  Aquatic  Life 
Clarer.ce  M.  Tarzwell 

Robert  A.  Taft  Sanitary  Engineering  Center 
Bureau  of  State  Services 
Public  Health  Service 
U.  S.  Department  of  Health,  Education,  and  Welfare 

Cincinnati,  Chio. 


The  laker,  and  rivers  of  North  America  have  played  a  very  im- 
portant role  in  the  opening  end  development  of  the  continent,   In  our 
Great  Lakes  \;e   have  a  fresh  water  resource  far  surpassing  any  other 
in  the  world,   Our  rivers  and  hundreds  of  thousands  of  inland  lakes 
are  outstanding  in  their  many  uses  aid  support  a  diversity  of  the 
most  valuable  fishes  to  be  found  anywhere,   Perhaps  it  is  because  of 
this  great  wealth  in  aquatic  resources,  which  many  consid?red  to  be 
inexhaustible,  that  we  have  been  co  remiss  in  their  protection  and 
conservation.  Their  importance  is  only  now  coding  to  be  generally 
appreciated.   The  great  increases  in  population  since  1900  and  the 
manifold  increases  in  the  volume  and  variety  of  water  uses  have 
shown  that  in  couie  arar.s  the  supply  of  water  is  definitely  limited. 
As  with  other  resources  we  find  thatvalue  varies  directly  with  demand 
and  inversely  with  supply.   In  the  western  areas  which  recently 
suffered  from  a  severe  drought  it  was  found  that  when  local  drinking 
v;ater  supplies  dry  up  witcr  will  be  purchased  at  any  necessary  price, 
however  high  it  may  be. 

What  is  true  for  drinking  water  is  also  true  in  some  measure 
for  aquatic  life  resources.   We  have  already  found  that  as  the  demand 
for  desirable  fishing  increases  and  the  supply  diminishes,  the  amount 
paid  for  such  recreation  becones  greater,  The  development  of  the 
country  rr=.s  drastically  reduced  or  eliminated  fishing  waters  in  ex- 
tensive areas.  Deforestation,  fire,  overgrazing,  and  unv?ise  agri- 
cultural practices  have  increased  surface  runoff  and  decreased  see- 
page causing  floods,  intermittent  flc;/,  the  drying  up  of  springs, 
erosion,  silting  and  the  filling  of  stream  beds.  Removal  of  stream- 
side  vegetation  ha3  promoted  bank  erosion,  the  vldr'r.ir.g  of  streams, 
and  warming  of  the  wat.err,   Industrial  and  ether  pollution  has  blocked 
fish  migration  and  b^s  rendered  saroy  areas  unsuitable  for  fish.  Thesa 
practices  which  alter  or  destroy  the  aruatic  habitat  are  the  chief 
cause  of  the  decline  of  aq.wtic  life  resources,  The  surest  way  to 
eliminate,  e  species  or  group  of  species  is  to  destroy  their  habitr.t 
or  produce  environmental  ccaditic.-.t:*  unfavourable  for  them.  The  or.ly 
way  to  maintain  a  species  is  to  protect  and  maintain  environmental 
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conditions  essential  for  and  conducive  to  its  growth,  reproduction 
and  well  being. 

Protection  and  conservation  of  aquatic  life  is  not  a  simple 
task,   Some  have  questioned  its  value  and  feasibility. 

Our  fisheries  are  new  an  important  resource.   The  cemmer- 
cial  fisheries  of  the  United  States  and  Alaska  have  an  annual 
production  of  almost  five  billion  pounds  (1)  This  crop  represents 
a  hic,h  protein  resource  which  can  be  expected  to  increase  in  Vriue. 
While  commercial  fisheries  utilise  a  greet   deal  of  equipment  and 
employ  large  numbers  of  people,  their  economic  vorth  is  only  a 
fraction  of  that  of  sport  fishing,   In  If 33  there  were  mere  than 
17  million  licensed  fishermen  in  the  United  States.   There  arc 
several  million  additional  fishermen  who  fish  in  the  Great  Lakes 
and  in  as? rime  waters  where  a  license  is  not  required.  According 
to  the  National  Survey  cf  "ishir-g  and  Kant lag  (2),  sport  fishing 
in  the  tfelfcfcd  States  has  an  annua!  value  of  almost  two  billion 
dollars.   Witt.ir.  thn  next  160  years  the  number  of  fisherman  and 
the  value  of  the  fishery  will  increase  several  fold  if  the  re- 
sources can  be  preserved. 

In  compering  the  beneficial  uses  of  a  stream,  there  has 
often  been  a  tendency  to  u-jcres titrate  the  wildlife  and  recreation- 
al values  and  to  take  a  short  rather  than  a  leng  view.   When  evalu- 
ating o-x:  fish-rles  resources  we  should  consider  the  returns  r?t 
just  for  one  yecr   but  over  the  centuries  because  these  resource:; 
are  reusable.   Ihe  aesthetic,  recreational,  and  health  values  of 
our  waters  are  difficult  to  measure,  but  they  are  great.   The 
recreational  industry  is  a  large  one  and  is  expanding  every  year, 
In  a  few  states  it  is  the  first  ranking  industry  snd  in  many 
others  it  is  of  considerable  imoortance.   In  the  industrial  state 
of  Michigan  it  is  reputed  to  rank  ceccr.d.      As  our  population  in- 
creases there  will  be  an  ever  proving  demand  for  and  use  of  our 
forests,  packs,  prese/yes,  wilderecss  areas,  and  stream?,  where 
pecp:e  can  engage  in  i*ater  sports  and  "get  back"  to  nature  and 
relax.   It  is  believed  that  cur  aquetic  life  resources  and  the 
aesthetic  value  of  cur  hikes  and  SfcreasM,  vhich  are  largely  in- 
separable, ;:re  well  vorth  our  earnest  and  sincere  efforts  to  pre- 
serve tnem. 

The  objective  of  water  quality  criteria  for  the  projection 
of  aquatic  life  is  to  prater*/©  or  restore  environments1  conditions 
esser.ti-1  for  its  growth,  raprc«>;  it  lor;  ,  and  well  being.   If 'these 
requirements  are  knevm  and  understood,  criteria  can  be  set  up  which 
will  achieve  this  objective,   If  habitat  requirements  are  not  folly 
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known,  criteria  can  only  be  based  on  the  best  information  available 
and  changed  whenever  the  need  is  indicated  by  new  information. 

Under  our  present  state  of  knowledge  a  suitable  water 
cannot  be  defined  in  chemical  terras  alone.  There  are  several 
reasons  for  this  situation.  Different  species  of  fishes  and  the 
organisms  in  their  food  chain  vary  widely  in  their  sensitivity  to 
dissolved  materials.  We  do  not  know  the  effects  on  aqua tic  life 
of  various  concentrations  of  many  materials  individually  or  in 
combination.  Mixtures  of  materials  often  have  effects  different 
from  those  of  the  individual  components.  Further,  we  do  not  know 
minimal  lethal  levels  for  many  materials  or  their  mixtures,  nor 
do  we  know  the  most  favourable  concentrations  of  materials  essential 
for  the  organisms.  Perhap3  the  best  definition  that  can  be  given 
of  suitable  fish  habitat  is --"A  suitable  fish  habitat  is  one  which 
produces  a  satisfactory  fish  crop."  The  adequacy  of  a  fish  crop 
is  judged  by  its  quality  and  the  pounds  produced  per  unit  of  sur- 
face area.  Commonly,  productivity  and  suitability  are  judged  by 
catch  per  unit  effort,  growth  rate,  condition  factor,  quality  cf 
the  flesh,  and  the  size  and  species  composition  of  the  catch. 
In  fisheries  management  an  effort  is  made  to  manipulate  the  en- 
vironment so  that  conditions  are  made  more  favorable  for  the 
desired  species  and  less  favourable  for  those  not  wanted. 

While  our  knowledge  of  the  habitat  requirements  of  fishes 
is  far  from  complete,  enough  information  is  now  available  so  that 
some  criteria  and  procedures  can  be  set  up  which  will  be  of  value 
in  the  maintenance  of  a  satisfactory  environment  and  production 
of  a  suitable  crop.  However,  much  research  is  still  needed  to 
obtain  all  the  information  essential  for  the  solution  of  this 
problem. 

The  environmental  requirements  of  fishes  may  be  roughly 
grouped  under  four  main  headings,  (1)  a  favorable  water  supply; 
(2)  suitable  spawning  facilities;   (3)  an  adequate  food  supply  for 
all  age  groups;  and  (4)  gofid  pools  and  shelter,,  In  the  abatement 
and  control  of  pollution  ws  are  chiefly  concerned  with  the  first 
re.viiirement,  a  favorable  rater  supply,  Natural  waters  have  widely 
varying  physical  and  chemical  properties.  The  suitability  of  any 
water  fnr  fish  life  depends  on  its  quantity,  permanency,  and 
quality;  that  is,  its  temperature,  the  concentration  of  dissolved 
atmospheric  gcses,  salts  and  other  minerals,  and  suspended  solids. 
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As  here,  used  water  pollution  is  the  addition  of  any  material 
or  waste  to  a  water  in  such  quantities  that  it  interferes  with, 
lessens,  or  destroys  &   beneficial  y&e,  lU  this   regard  perhaps  che 
simplest  deftfAtUm   of  pollution  is  "coo  ouch/1  For  example,  if 
"tco  ;;c:'r'  is  net  adled,  the  discharge  to  a  stream  of  organic  matter 
such  as  sewage  has  a  fertilising  effect  which  is  beneficial  to 
fish  production-  Y   wever,  when  the  capacity  of  the  stream  to 
utilize  organic  materials  is  exceeded  so  that  unfavorable  environ- 
mental conditions  &2«i  produced  and  a  beneficial  use  is  damaged, 
such  a   discharge  becomes  pollution.   It  is  evident,  therefore, 
that  water  quality  criteria  for  the  protection  of  aquatic  1-.  In 
rust  entail  sane  quantitative  nieasareiiiePts.   Before  criteria  .  an 
be  s^t  dp  '<'?2  WMfc   knorv  or  nave  3orae  measure  of  how  much  is  tf-'0 
much"  for  those  ftXtci&v  vm   wish  to  protect  at  all  steles  in  tl ,c it 
ii*C history  end  in  *ft«ra  cf  different  quality.  These  criuer-'i 
must  insure  er.viroraer.uL  conditions  favorable  to  all  life  activities 
and  to  general  well  being  — aurc  survival  is  not  enough.  These 
euvircr.rnsntal  factors  will  be  discussed  in  s -jiae  detail- 

Environment  al  Factors 

Tepperature 

As  3  grevp,  aquatic  animals  of  the  temperate  rone  are  adapted 
to  fluctuation  in  temperature  betv-en  35°  and  90®   F.   Not  all  can 
withstand  this  range  and  mors  can  withstand  higher  and  some  lower 
tr'tar.csrAturas  for  a  tioii,  The  range  of  temperature  w'/ich  can  be 
tolerated  by  different:  Gcecies  varies  considerable  as  docs  their 
ability  to  withstand  sudden  changes  or  to  accllaate  themselves  to 
unusuil  temperatures.  Each  species  has  a  preferred  range  of 
t&vspeth tuce" within  which  it  docs  bait  £ni  a  zone  above  and  below 
this  in  v/hieh  it  can  survive  for  r,'-.:ort  periods.   Proper  acclimati- 
zation enables  certain  species  to  survive  at  temperatures  which 
would  bs  f&ttil   under  conditions  of  sudden  exposure. 

Fish  have  a  rapid  rate  of  adaptation  to  high  temperatvrcs 
v'3)  !•■*-  enapcetlos  to  lower  temperatures  proceeds  at  a  much  .;.' -\er 
rate""  "\fcaa  suddenly  e*n  osed  to  higher  temperatures  fish  can  vlth- 
stand  ranch  higher  tempo tenures  In  VJttO&c  tnan  in  winter-  As  t..c 
nr^cr  season" develops,  eh*fip»i  in  upper  lethal  temperatures  reflect 
the  sffl^or  charges  in  wnter  temperature*  rising  with  ascending 
tc^i.i-.-'.turcs  a.-d  fcjl^.i.ng  as  the  wcter  cools  in  the  fftllt  Brett  v->) 
rec^ts  that  th-2  i  atl-ftl  tcnj>erit«re  far  the  bullhead  ro^e  froin 
2Vi0G.  on  May  3.2  to  35.39  C,  by  July  &.   Brett  (*■)  also  found 


2°  *o  C.  on  May  3.2  to  35,39  C,  by  July  a.   bvgcc  ^j  sis"  «»*« 
tba-  there  is  a  considerable  difference  in  the  time  required  for 
cornletion  of  acclimation  with  rcsp-ct  to  heat  tolerance  at  each 
leva!  of  fccOTsrattfra,  It  has  been  b&isa  that  sum  species  exaxbifc 
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geographic  differences  in  their  resistance  to  high  temperatures 
while  others  do  rot  (5)«   The  writer  noted  a  bass  kill  in  a 
southern  Michigan  lake  in  June  1936  when  the  water  reached  9^°  F. 
daring  an  unusually  hot  period.   However,  a  temperature  of  ?6°  F, 
in  Wheeler  Reservoir  in  1939  appeared  to  have  no  lethal  effects. 
The  difference  may  have  been  due  to  a  different  acclimation 
history.   It  was  observed  that  a  temperature  of  108°  F,  killed 
all  the  fish  in  a  pend  near  Savannah,  Georgia,  in  1945.  Allowable 
peak  temperatures  brought  about  by  some  unnatural  cause  may, 
therefore,  be  somewhat  different  in  different  portions  of  the 
country ,  increasing  from  north  to  south, 

Members  of  the  family  Salmonidao  ore   cold  water  forms. 
Brook  trc-jt  seem  to  do  best  in  streams,  the  summer  temperatures 
of  which  range  between  52  and  it°   F.  (6)  (7).-  While  trout  can 
survive  much  higher  temperatures  for  short  periods,  streams 
having  such  tenrparatures  are  net  first  class  trout  streams.  The 
writer  found  brewn  ar.d  rainbow  trout  surviving  a  peak  temperature 
of  83°  F,  in  the  South  Branch  of  the  Pere  Marquette  River  of 
Michigan  in  1933.  Brook  trout  survived  paek  temperatures  of  81° 
and  82°  F,  in  the  East  Branch  of  the  Black  Rivar  on  successive 
days  in  July  1931.  Fry  (8)  reported  the  upper  lethal  temperature 
for  young  brook  trout  (12  to  14  hours  exposure)  to  be  about 
77-5°  ?,   Such  high  temperatures  are  more  favorable  for  minnows  and 
suckers  which  increase  greatly  in  numbers  and  compete  for  fo.i 
and  space  with  the  trout  (9).   The  result  is  that  trout  comprise  a 
very  sm/11  portion  of  the  total  fish  population  of  the  stream  and 
supply  little  fishing  even  though  the  overall  productivity  of  the 
stream  may  be  great. 

Four  fish  population  studieu  made  in  the  East  Branch  of 
the  Black  River  of  Michigan  indicated  that  trout  made  up  only 
9.6  percent  of  the  total  population,   Legal  sized  trout  comprised 
only  0.9  percent  of  the  total  number  of  fish  taken  in  the  study 
areas.   In  the  neighboring  Pigeon  H.ivcr,  another  stream  having 
temperatures  above  75  F.,  trout  comprised  15  percent  of  the 
total  fish  population  in  the  areas  counted  (9).   In  a  nearby  cold 
stream,  the  West  Branch  of  the  Sturgeon  River,  trout  represented 
96  percent  of  the  tctc.l  papulation.   In  trout  streams  having  high 
peak  summer  temperatures,  suckers  and  minnows  comprise  the  bulk 
of  che  fish  population.  Thus,  while  temper a cures  higher  than  the 
optimum  and  hijh  temperature.;;  of  short  duration  (75°  to  82°  F  ) 
m/iy  not  kill  trout s  rhcy  produce  environmental  conditions  more 
favorable  fcr  the  coarse  fishes,  which  increase  at  the  expense 
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cf  the  tiout  population.  This  fact  must  be  taken  into  consider- 
ation in  the  establishment  of  temperature  criteria  for  the  cold 
water  species „   Such  criteria  must  be  based  on  opticus  conditions 
and  not  on  temperatures  tolerated  by  trout.   It  is  belived  that 
for  good  trout  production  in  streams  subject  to  invasion  by  coarse 
species,  temperatures  should  net  exceed  68°  F, 

Since  deforestation,  overgrazing,  unwise  land  use,  removal 
of  streaiucide  shade,  and  erosion  have  already  caused  the  warming  cf 
streams  to  such  an  extent  that  i&J*  amount  of  trout  water  has  been 
seriously  reduced,  and  since  trout  fishing  Lfl  in  highest:  demand, 
it  is  belived  chat  no  wastes  of  significant  heat  content  should 
be  discharged  into  a  trout  stream  if  the  stream  is  to  be  maintained 
for  trout. 

Favorable  temperatures  are  especially  important  at  spawning 
time  for  both  cold  and  warm  water  species*   It  is  well  known  th*c 
baas  spawn  in  the  spring  when  the  water  temperature  exceeds  60°F. 
If  the  water  is  unnaturally  warned  to  this  temperature  for  a  period, 
spawning  may  be  induced  too  early  in  the  season.  Then  if  waste 
discharges  are  discontinued  over  a  weekend,  water  temperatures 
siav  ore?  into  the  50' s  with  the  result  that  guarding  tales  leave 
thfi  i-ieats,  the  e^ss  are  iu festad  with  fungi,  and  no  young  are 
produced,  J  luce  act  ions  of  water  temperature  above  and  below  00  F , 
during  the  spring  are  detrimental  to  baos  production, 

A  change  in  water  temperature  may  affect  the  aquatic  fauna 
directly  or  indirectly.  Willi®  the  charge  may  be  within  the 
thermal' tolerance  cf  the  fish,  it  may  so  alter  environmental  con- 
ditions that  they  become  unfavorable  for  essential  food  organisms 
and  certain  life  histcy  stages  of  the  fish,  or  the  change  may 
make  them  more  favorable  for  competitors  or  predators.  Temperature 
changes  will  directly  affect  the  metabolic  rate,  growth,  and  re- 
productive processes-  They  may  result  in  increased  or  decreased 
food  prodiction,  interfere  with  spawning,  or  change  an  important 
part  of  the  f<r:una,  thereby  alteritg  the  quantitative  makeup  of 
the  population,, 

Although  high  suarr,er  temperctures  have  bean  considered  of 
outstanding  importance  because  of  their  possible  lethal  effects, 
it  is  oalicvei  that  unnaturally  high  winter  temperatures  may  be 
ecufi.ll*'  important.   In  tna  temperate  zone  the  aquatic  biota 
have  evolved  under  conditions  cf  quite  wide  differences  in  seasora 1 
temperatures.  For  exsmple,  the  eggs  of  some  daphnia  have  to  be 
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chilled  or  frozen  before  they  hatch.  Many  other  organisms  go 
through  resting  stages  or  specific  stages  of  development  at  certain 
seasons.   Some  of  the  diatoms,  for  example,  are  abundant  only  at 
temperatures  below  50°  F.  Other  forms  appear  only  at  certain  times 
of  the  year  and  there  is  a  succession  of  forms  with  the  seasonal 
changes.  At  present  we  have  little  conception  of  the  changes  which 
might  be  brought  about  by  permanently  eJ.evating  stream  temperatures. 
A  Irrge  portion  of  the  biota  might  be  changed  and  the  whole  food 
chain  disrupted,  For  this  reason  consideration  should  be  given 
to  upper  temperature  limits  during  the  winter  season.   This  con- 
sideration may  require  increasing  attention  as  the  atomic  energy 
industry  develops.   Temperatures  should  not  be  raised  to  levels 
that  induce  spawning  at  unnatural  times  if  there  are  periodic  drops 
in  temperature,  and  they  should  not  be  such  that  they  interfere 
with  the  development  of  important  organisms  in  the  fish  fcod  chain. 
Considerable  study  is  needed  before  this  problem  can  be  approached 
intelligently. 

Waters  of  significant  heat  content  should  not  be  discharged 
into  a  stream  in  such  a  manner  that  they  create  a  temperature  block 
across  the  stream.  Further,  an  abrupt  change  of  more  than  9°  F. 
may  affect  fishes  adversely  even  if  of  short  duration. 

For  a  well  rounded  warm  water  fish  population  in  tbe  Ohio 
valley  area  it  is  be-frr/id  that  peak  summer  temperatures  should  net 
exceed  93'  F.  at  any  time  or  place  In  the  south  such  peak  temper- 
ature probably  should  not  be  above  96CF.  This  means  that  in  general 
temperatures  will  be  considerably  below  these  levels.  While  several 
species  can  withstand  higher  temperatures  (100°  to  103°  F3)  for 
very  short  periods,  93°  and  96  F.  represent  critical  levels  for 
most  species  in  tbe  designated  areas,  further,  while  fish  may, 
through  certain  adaptations,  survive  abnormally  high  temperatures 
for  short  periods,  they  cannot  complete  their  life  history  at  such 
temperatures.   For  good  production,  therefore,  temperatures  with- 
in a  favorable  rang?  are  required, 

Settleable  Solids  and  Turbidity 

Studies  carried  out  in  connect  ion  with  trout  stream 
improvement  investigations  in  Michigan  indicated  that  sand  bottoms 
tra  almost  bsrren  of  benthic  org&stsitis  pvA   that  the  addition  of 
sand  or  silt  tc  rubble  or  gravel  bottom  streams  greatly  decrease 
stream  productivity  (9)  (10)  (11).   In  £*&£,  shifting  'sand  in 
quantities  so  small  as  to  be  unnoticed  by  casual  observation  can 
decrease  the  production  of  macro- invertebrates  by  drifting  into  the 
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spaces  between  the  gravel  and  thereby  decreasing  the  areas  for 
attachment  and  cover.   It  is  believed  that  no  inert  inorganic, 
sandy,  or  other  similar  wastes  should  be  added  to  a  rubble,  gravel 
bottom  stream  as  such  deposition  may  not  only  decrease  the  supply 
of  desirable  stream  bottom  insects  but  also  seriously  limit 
spawning  of  most  nest-building  fishes.   Studies  of  the  effects  of 
raining  wastes  in  California  have  shown  that  salmon  select  clear 
water  for  spawning  end  that  the  deposition  of  silt  results  in 
smothering  of  the  eggs  (12).  Quantitative  bottom  samples  taken  in 
a  series  of  similar  streams  in  California  showed  that  the  average 
number  of  food  organisms  was  always  less  in  mined  areas  when  inert 
inorganic  materials  were  discharged  to  the  stream  than  ir.  r.oonined 
areas  (13>*  On  the  Scott  River,  samples  from  the  silted  area 
averaged  36  organisms  per  square  foot,  whereas  those  from  the  clean 
stream  bottom  above  the  mine  averaged  249  per  square  foot,  or  7 
times  as  many.   Similar  studies  (14)  have  shown  that  hydraulic 
mining  wastes  are  detrimental  to  salmon  and  trout  production. 
The se  and  wastes  from  placer  mining  and  from  stamp  mills  and 
washing  operations  may  completely  choke  a  stream  causing  it  to 
flow  in  a  shallow  sheet  over  the  accumulated  deposits.  Further, 
debris  dams  created  by  such  operations  can  eliminate  the  salmon 
by  blocking  migration, 

From  results  of  studies  in\arious  parts  of  the  country,  it 
is  apparent  that  erosion  silt  is  a  major  stream  pollutant  and  that 
it  produces  environmental  conditions  unfavorable  for  the  reproduc- 
tion and  gr'jwth  of  fishes.,   Since  the  character  of  the  stream  and 
its  bottom  are  of  prime  importance  in  determining  the  harmful 
effects  of  erosion  silt,  it  is  not  possible  to  establish  numerical 
criteria  for  settleable  solids  which  are  universally  applicable. 
In  some  streams  considerable  amounts  do  very  little  additional  harm, 
while  in  gravel  rubble  botnora  streams  even  small  amounts,  as  has 
been  noted,  reduce  food  production  and  limit  spawning.   It  is 
bella/sd  that  criteria  on  settleable  solids  should  be  established 
to  protect  environmental  conditions  in  the  stream,  though  they  will 
vary  from  stream  to  stream,  depending  on  local  conditions. 

Turbidity  is  usually  due  to  solids  which  settle  out  gltn-zly 
or  to  colloidal  materials  which  may  remain  in  suspension  over  lor:g 
periods.   The  studies  of  Irwin  (15),  Wallen  (15A),  and  others  at 
Oklahoma  A  and  M  heva  shown  that  turbidity  must  be  varv  high 
before  it  exerts  a  directly  harmful  effect  on  fishes.   In  some 
tests  (15)  direct  reactions  to  turbidity  did  not  appear  until  it 
reached  20,000  DcD.m,,  and  for  one  species  not  until  it  reached 
100,000  pcp.m.   Host  individuals  of  all  species  endured  exposure 
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to  more  than  100,000  p.pcffl,  for  a  week  or  longer  but  finally 
died  at  turbiditie6  cf  175,000  to  225,000  p. p.m.  Fishes  which 
succumbed  to  these  turbidities  had  the  opercular  cavities  and  gill 
filaments  clogged  with  silty  clay  particles. 

In  Oklahoma  3uck  (16)  carried  on  pond  studies  to  determine 
the  effects  of  turbidity  on  growth  rate.  At  the  end  of  two  growing 
seasons  the  average  total  weight  of  fish  in  clear  ponds  was  about 
1.7  times  that  of  those  In  pond3  of  intermediate  turbidities  and 
approximately  5.5  times  greater  than  those  in  muddy  ponds.  Of  the 
three  species  used,  large  mouth  bass  were  moat  affected  by 
turbidity.  The  effect  on  plankton  production  was  even  more  striking 
since  the  average  volume  of  net  plankton  in  clear  ponds  during 
the  1954  growing  season  was  8  times  greater  than  in  ponds  having 
intermediate  turbidity  and  12,8  times  greater  than  the  yield  in- 
most turbid  ponds.  However,  catfish  survived  better  in  muddy  ponds. 
Game  fish  feed  by  sight  and  in  turbid  waters,  they  are  at  a  dis- 
advantage when  competing  with  such  fish  as  carp,  buffalo,  and 
carp  suckers  which  employ  a  vacuum  cleaner  type  of  feeding. 
Turbidity  can*  therefore,  bring  about  a  quantitative  and  qualitative 
change  in  the  fish  fauna.  In  addition,  metallic  or  sharp  particles 
may  kill  fishes  by  causing  abrasive  injuries  to  the  gills  or  by 
clogging  the  gills  and  respiratory  passages. 

Suspended  solids  and  turbidity  prevent  light  penetration, 
decrease  photosynthesis ,  and  thus  limit  algal  production.   Since 
algae  are  the  basic  material  in  the  food  pyramid,  turbidity  ad- 
versely affects  fish  production  in  an  indirect  manner.   In  most 
streams  settleable  solids  and  turbidity  are  largely  due  to  soil 
erosion.   Until  erosion  is  brought  under  control,  little  can  be  done 
toward  clearing  up  the  streams.  Reduction  of  tuwbidity  is  a  diffi- 
cult and  long  time  problem  which  must  be  carried  out  in  cooperation 
with  soil  conservation,  agricultural,  and  forestry  interests.   In 
the  meantime,  hov7ever,  efforts  should  be  made  to  control  or  eliminate 
other  sources  of  settleable  solids  and  turbidity,  Lagooning  can  be 
effectively  used  to  remove  settleable  solids  and  turbidity  from 
many  wastes.   Such  procedures  are  essential  an  all  clear  streams 
and  they  should  be  Initiated  in  conjunction  with  efforts  to  reduce 
turbidity  and  settleable  solids  through  control  of  soil  erosion. 

Turbidity  standards  must  be  somewhat  local  in  their 
application  as  they  will  depend  on  the  srea  and  type  of  stream. 
It  is  possible  to  set  up  relatively  simple  turbidity  standards  which 
can  be  readily  checked  for  compliance  by  field  tests.  Turbidity 
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standards  might  state  that  a  certain  percentage  of  the  incident 
llfsfct  ru  the  surf. ice  shall  rtach  e  stated  depth  between  11:00  A,M. 
ar*d  1;C0  PiM«   The  depth  selected  voiild  depend  on  the  depth  to 
which  the  regulatory  agen:y  felt  the  phot ©synthetic  zone  should 
extend.  Different  types  of  water  differ  i:.i  their  capacities  to 
absorb  light.  Water  transparency  is  affected  by  the  suspended 
natter,  including  the  plankton,  and  by  stain  or  color.   In  wster 
cf  the  clarity  cf  usual  municipal  supplies,  9.5  percent  of  the 
solar  energy  present  at  the  surface  reaches  a  depth  of  6  feet« 
Bora  (39)  3tate-3  that  the   Unit  for  growth  for  the  higher  aquatic 
plants  lieo  between  2.5  and  3.5  percent  cf  the  total  surface 
energy  at  bottom depth,  but  that  it:  rapidly  declines  be lew  4  percent 
where  severe  etiolation  occurs  in  subm?;.cgsd  seed  plants P  There  is 
eoroe  evidence  that  certain  algae  can  grow  Ft  levels  of  1  percent  of 
the  inciceit  light,  but  it  is  not  definitely  knoi/n  how  much  light 
is  required  for  them  to  produce  nore  oxygen  by  photosynthesis  than 
they  use  in  their  respirjtion.  While  criteria  will  vary  with  the 
area  they  can  bo  kept  relatively  simple *  For  example,  a  criterion 
for  a  particular  area  might  state  --  under  conditions  cf  brilliant 
sunlight  at  or  near  noon  4  percent  of  surface  incident  light  shall 
reach  a  depth  cf  6  feet,  Incident  light  and  light  at  any  given 
depth  can  be  readily  resd  by  means  of  a  photometer  fitted  for 
underwater  use, 

EIL 

Tlie  pit  cf  a  water  m?.y  exert  a  direct  effect  on  fich  if  it 
is  very  high  or  very  low  due  to  strong  bases  or  mineral  acids.   It 
may  have  an  indirect  effect  through  its  influence  on  the  toxicity 
of  certain  materials  such  as  ECSf,  K2S,  ammonia,  heavy  metals,  etc. 
Longwell  and  Pcntelcw  (17)  found  that  the  toxicity cf  NaS  solutions 
to  brown  trout  we$  Influenced  markedly  by  variation  in  pK,  the 
toxicity  increasing  as  the  pH  became  lower.  The  heavy  medals  are 
considerably  more  to,ric  at  lower  pll  levels  probably  because  they 
are  saoire  soluble.  Armenia  becor.vss  rapidly  more  toxic  as  the  pH 
is  rai3f:d  above  8.2.  The  toxicity  of  a  number  of  weak  inorganic 
and  organic  acids,  including  hydrocyanic,  hypochlorous,  hyero- 
sulfvric,  carbonic,  end   tannic,  is  increased  by  lowering  the  pll. 

Extreme  pH  values  of  4  and  10  or  slightly  above  have  been 
tolerated  by  r^elstdftt  fishes  in  certain  areas.   So.ie  levels  at 
which-  fish  r,.'.V3  bv^.ri  kills  J  experimentally  are:  trout,  9,2; 
bluegilla,  10.5;  rc-ch,  pike,  cerp,  and  t'-nch,  10,4  to  10.8.   Fich 
morality  hc:s  teen  observed  within  a  few  hours  at  pH  levels  o£' 
3.4  to  4.  However*  certain  fish  beve  been  acclimated  to  live  for 
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considerable  periods  at  pH  levels  as  low  as  4.5  to  4.2. 

Studies  of  acid  bog  lakes  (18)  have  shown  that  yellow  perch, 
brown  billhead,  blucgill,  and  pike  can  live  at  a  pH  of  4,4.  Ellis 
(19)  states  tbat  the  pH  of  streams  generally  ranges  between  7,4 
and  8.5  with  an  over -all  range  of  6.6  to  9.0,  while  bog  stream 
and  lakes  vary  from  4t0  to  6,0.   He  states  that  in  most  uncor.tami- 
n?.ted  freshwater  streams  pK  values  range  from  6.5  to  8.5. 

Sudden  or  wide  fluctuations  in  pH  are  undesirable.   While 
fish  con   withstand  pH  levels  as  high  as  9.5,  it  is  undesirable  to 
have  the  $11   maintained  continually  between  9  and  9.5  when  this  level 
is  due  to  the  ed'Jlticn  of  cauetic  wastes,   Such  pH  conditions  are 
entirely  different  from  and  more  ha  mfui  than  the  naturally  occur- 
ring but  brief  higher  levels  vhlch  may  be  as  high  as  10  or  10,5. 
These  natural  high  pH  levels  are  produced  by  photosynthesis  due  to 
the  removal  of  C02  and  they  are  always  accompanied  by  high  D,0. 
levels.   High  pH  iiitereferes  with  oxygen  uptake  of  some  marine  and 
fresh^.ter  fishes  snd  may  limit  their  ability  to  survive  at  low 
oxygen  tension  (20).  Atvilues  below  5  and  above  9,  the  p'.I  seriously 
affects  the  ability  of  some  fishes  to  extract  oxygen  from  the 
water.  This  ability  varies  with  the  species;  with  bass  and  crappie 
the  pH  can  be  lowered  to  almost  4  before  their  ability  is  affected 
(21)  (22).   In  general,  fish  are  able  to  extract  oxygen  best  at 
sB  levels  from  7.0  to  u.5,  but  such  fish  as  perch,  bass,  crappie, 
goldfish,  trout,  and  green  sunfish  have  a  wide  range  of  tolerance. 
The  blunt  nose  minnow  and  one  of  the  shiners,  Notropis  whipolii, 
were  found  to  be  very  sensitive  as  they  can  extract  oxygen  bett  at 
oH  7=0  to  8.0  (20),   EkHM  fishes  can  survive  rapid  changes  in  pH. 
Laboratory  studies  (2J.)  have  indicated  that  goldfish  withstood  ^ 
changes  from  7.2  to  9.6,  black  bass  from  6,6  to  9,3,  and  sunfiyh 
from  7.2  to  9,6.   The  amount  of  dissolved  oxygen  is  a  determining 
factor  as  to  whether  or  not  these  changes  can  be  tolerated  (21). 

In  the  range  from  5  to  9.5,  pH  as  suchhas  not  been  shown  to 
be  detrimental  to  fishes.   However,  changes  in  this  range  can 
drastically  affect  the  toxicity  of  certain  materials,  and  they  also 
influence  the  ability  of  fish  to  absorb  oxygen  from  the  vaster. 
Further,  it  has  been  roted  that  in  the  more  productive  streams  pH 
usually  falls  in  the  rc-nge  from  6,5  to  3,5,   At  pH  levels  above 
and  below  thase  values  some  of  the  e&senti&l  minerals  become  un- 
avai*iiMa,   Thus,  while  pil  in  the  rarge  from  5,0  to  9.5  is  not  in 
itseli  cwrectly  harmful  to  fishes  and  tfcla  range  may  be  used  in 
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setting  up  water  quality  criteria,  from  the  standpoint  of 
product ivity.,  it  is-  reco~ti»ended  tbrt  every  effort  be  made  to  keep 
pH  values  in  the  range  of  6,5  to  3,5. 

Dissolved  Oxygen 

There  are  a  host  of  environmental  and  other  conditions 
which  influence  or  determine  the  solubility  cf  oxygen  in  water, 
the  amount  cf  dissolved  oxygen  favorable  to  fish  life;  and  the' 
minimum  amount  needed  for  existence.   In  fresh  waters,  temperature 
is  the  most  important  factor  affecting  the  solubility  of  oxygen. 
Dissolved  sclids  arc  rarely  present*,  in  sufficient  amounts  to  have 
an  appreciable  influence.   Several  environmental  conditions  may 
influenca  the  optimum  amount  of  oxygen  required  by  fish  or  inter- 
fere with  the  obtaining  of  oxygen  by  the  fish  or  may  change  or  in- 
crecre  their  minimum  need  for  oxygen.  Ancnitj  these  are  temperature, 
pH,  CO^,  and  dissolved  solids. 

Temperature  increases  wi thin  the  range  favorable  to  fish 
arc  accompanied  by  a  progressively  higher  metabolic  rate  arid  a 
continuous  increase  in  the  oxygen  uptake,  Wiebe  and  Fuller  (22) 
found  that  at  2?°  C.  the  oxygen  consumption  of  largemouth  black 
bass  was  282  percent  of  that  at  15°  C.  Lt   20°  C.  it  was  177 
percent  of  the  consuupcion  at  15°  C.  This  is  in  accord  with  the 
var.'t  Koff  law  which  states  that  for  ar.y  chemical  change  the  rate 
of  reaction  is  increased  between  2-  avid  3-fold  for  every  10°  C. 
increase  5.n  temperature.  Temperature  is  of  outstanding  importance 
in  the  determination  cf  environmental  requirements  since  the 
oxTpien  consumption  increases  as  temperature  rises  whereas  solu- 
biiity  of  oxygsn  decreases.   Because  the  annual  range  m  temper- 
ature of  streams  of  the  temperate  region  may  be  as  much  as  28°  C, 
oxygen  consumption  at  peak  temperature?  may  be  several  fold  what 
it  is  at  minimum  tearperatures,  whereas  at  peak  stream  or  lake 
temperatures  the  water  will  hold  only  about  half  as  much  oxygen 
as  it  does  at  minimum  temperatures.   Graham  (24)  found  tbat  for 
speckled  trout  the  rate  of  oxygen  uptake  increased  with  increasing 
temperature  up  Co  the  ultimate  upper  lethal  temperature,  if 
sufficient  oxygen  were  available.   Water  containing  less  that  75 
percent  of  the  sir  saturation  level  of  oxygen  reduced  the  activity 
of  speckled"  trout  at  all  temperatures,  and  above  20°  C.  (&3o  F.) 
fully  saturated  water  is  required  to  t'llow  the  full  scone  of 
activities,   Sevocai  othoc  inve  stir -.tors  have  also  found  that  the 
oxygen  rccuiren'Tu-.c  cf  fishes  become  greater  with  increases  in 
temperature  (25)  (26)  (27). 
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Temperature  also  markedly  affects  dissolved  oxygen 
concentrations  which  are  lethal  to  various  species  of  fish. 
Pur dick  (28)  found  that  smallraouth  bass  died  in  5  to  9  hours 
at  oxygen  concentrations  of  0,7  p,p„m.  to  1.17  p. p.m.  at  tempera tv.ir-ts 
of  52  F.  to  72°  F.  There  was  also  some  variation  in  the  turnover 
time  for  different  species  of  fishes.  At  55°F,  and  oxygen  con- 
centrations of  1  to  2  p,p»m.  the  turnover  times  were  as  follows: 
brook  trout,  1-3/4  hours;  brown  trout,  2-1/2  hours;  and  rainbow 
trout,  3  hours.  At  69°  F.  to  71°  F.  these  fishes  turned  over  in 
approximately  the  same  time  at  oxygen  concentrations  of  2.3  to 
3.4  p. p.m. 

Several  other  environmental  factors  also  inter  ?**"*»««  with 
oxygen  uptake  or  increase  the  oxygen  requirements  of  fiches.  High 
and  low  pE  levels  interfere  with  the  ability  of  fishes  to  absorb 
oxygen  from  the  water.  High  CO2  concentrations  interfere  with 
the  utilization  of  dissolved  oxygen.  Fry  and  Black  (29)  found  that 
the  common  sucker,  with  its  CO2  sensitive  blocd,  was  unable  to 
remove  oxygen  from  water  containing  CO2  tensions  which  did  not 
hinder  the  respiration  of  bullheads , the  latter  possessing  blood 
with  a  very  low  sensitivity  to  CO2.  Under  pollutional  conditions 
fish  generally  require  mere  oxygen  (45)  (46)  (20) ,  At  low 
dissolved  oxygen  levels  fish  succumb  to  concentrations  of  tox'c 
materials  wMch  they  can  tolerate  at  high  dissolved  oxygen  levels  ■ 

Many  studies  have  b«en  made  in  attempts  to  determine  the 
lowest  D.O.  levels  tolerated  by  different  species  of  fish. 
Gutsell  (30)  reported  that  some  brook  trout  could  endure,  for  a 
short  period,  an  oxygen  concentration  as  low  as  1,2  p. p.m. ; 
however,  some  asphyxiation  occurred  at  a  D.O.  content  of  2.5  p. p.m., 
Smallmouth  black  bas3  lived  for  a  time  at  0.4  p.p*ra.  D.O,  Wiebe 
(22)  found  that  some  fish  can  withstand  sudden  wide  changes  in  the 
concentration  of  oxygen  and  that  thoy  can  live  in  water  super- 
saturated with  oxygen.  The  increase  in  D.O.  was  followed  by  a 
slowing  down  of  the  respiratory  movements.  Fry  (31)  states  that 
at  49°  F.  the  ultimate  minima!  tolerance  of  brook  trout  for 
dissolved  oxygen  is  C.9  p. p.m.   Gardner  and  King  (32)  reported 
the  asphyxial  level  of  trout  to  be  1.1  p. p.m.  D.O.  at  6.5°  C.  and 
3.4  p. p.m.  at  25°  C.  Thompson  (33)  on  the  basis  of  field  studies, 
reported  that  carp  and  buffalo  lived  in  water  having  2,2  p. p.m.  D.O. 
However,  he  found  a  variety  of  fishes  only  when  there  was  over 
4  p.^,;n,  of  oxygen  ar.J  the  greatest  variety  of  fishes  were  present 
when  the  De0.  was  9  ptp>n.   He  found  that  fish  died  overnight  in 
water  containing  less  than  2  p.p,m,  D,C.   Ellis  reported  (19)  that 
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goldfish,  perch,  catfish,  and  other  species  of  freshwater 
fishes  when  maintained  is  water  of  constant  flow,  composition, 
and  temperature  (20^  to  25°  C.)  showed  respiratory  oo^ensation 
in  both  volume  and  rate  when  the  dissolved  oxygen  was  reduced  to 
slightly  below  5  p. p.m. 

In  addition  to  those  environmental  conditions  which  in- 
fluence the  oxygen  requirement,  there  are  several  physical,  chemi- 
cal, and  physiological  conditions  which  influence  the  ability  of 
fish  to  extract  oxygen  from  the  water,  its  need  for  oxygen  ,  and 
its  ability  to  resist  low  oxygen  levels,  First,  it  must  be  realized 
that  ability  to  extcftet  oxygen  £roa  the  water  and  to  resist  low 
D.O.  levels  varies  with  the  Species.   It  ie  well  known  that  dog- 
fish, carp,  and  gar  can  survive  at  much  lower  D.O.  levels  than 
trout  and  several  other  fishes*  Com*  fishes  are  more  efficient  in 
trx  extraction  of  oxygen  or  their  blood  is  not  as  sensitive  to 

the  prcs:.nce  of  CC-i, 

i. 

The  amount  of  oxygen  required  by  fishes  is  determin-vi  in 
part  by  activity.   It  is  generally  recognized  that  a  man  IviiK-  in 
bed  does  not  breathe  as  deeply  or  require  as  much  oxygen  a's  o'-e 
digging  a  ditch.   It  has  been  rencrted  that  from  two  to  four  thn?s 
as  much  oxygen  is  rehired  by  a  fish  when  it  is  active  as  when  it 
is  quiescent  (24)  (2G)  (34).  Under  actual  stream  conditions  a 
fish  must  maintain  its  position  against  the  current,  find,  pursue, 
and  catch  its  food;,  avoid  its  enemies,  and  reproduce,  All  these 
activities  require  oxygen  in  such  amounts  that  D.O,  levels  at  which 
the  fish  can  just  survive  are  unsatisfactory.  Age,  size,  and  season 
are  also  of  importance.   In  general,  fry  and  younger  fish  have  a 
higher  metabolic  rate  and  icr.uire  more  oxygen  than  adults  (35) 
(j'3),   Because  of  increased  activity  and  their  physiological 
condition  fish  require  more  oxygen  at  the  spawning  season,   Studies 
carried  out  in  our  laboratories  indicate  that  D.O.  requirements 
are  different  at  other  times  of  the  year  and  fuvnher,  the  physical 
conditio-  of  the  fish  is  of  outstanding  importance  in  determining 
requirements  aiid  the  minimum  level  tolerated.  An  actively  feeding, 
rapidly  growing  fi:-h  requires  considerable  more  oxygen  than  one 
Which  feeds  very  little.   Since  growth  is  rapid  in  the  fry  to 
fir-ssrlir.g  stage  it  is  expected  that  for  many  species  D.O,  requi.ro- 
Bsats  Ki*4  be  nigher  et  this  period,  Eggs  deposited  in  bottom 
mater  i,7i<;  require  higher  D.O.  concentrations  than  do  adult  fish, 
Since  the  current  through  the  bottom  materials  is  slow,  the   amount 
o.  water  flo^g  by  the  eggs  per  unit  cf  time  is  small  and  thus  it 
must  contain  more  D,C.  to  provide  needed  requirements. 
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Through  acclimation,  resistance  to  low  D.O,  levels  may  be 
increased*   Fry  (2-1)  reports  that  through  acclimation  the  lethal 
dissolved  oxygen  level  can  be  reduced  to  about  one-half  the 
corresponding  value  for  trout  accustomed  to  air-saturated  water. 
Lower  dissolved  oxygen  levels  can  be  tolerated  for  considerable 
periods  through  an  increase  in  respiration  rate  and  volume  of 
water  pumped,  reduced  activity  and  food  consumption,  and  an  increase 
in  blood  haemoglobin  (37)  (38).   By  means  of  such  adaptation 
fishes  may  live  for  considerable  periods  at  reduced  crygeii  epec  ©ti- 
trations without  apparent  horn:.   This  dees  not  mean,  however,  that 
they  can  complete  their  life  cycle  at  such  levels.  Further, 
ability  to  live  more  or  less  indefinitely  at  low  oxygen  levels 
does  not  mean  that  some  of  their  physiological  processes  have  not 
been  altered  so  that  their  well  being  and  growth  are  adversely 
affected.   It  has  been  reported  (4)  that  the  bullhead  is  unable 
to  become  acclimated  to  increased  temperature  when  D.O.  levels  are 
low  whereas  it  becomes  rapidly  acclimated  at  normal  D.O.  levels. 
Dissolved  oxygssi  levels  adequate  for  growth,  reproduction,  normal 
activities,  and  well  being  are  considerably  higher  than  levels 
which  can  be  tolerated  for  extended  periods  through  accliuation 
and  compensation. 

Studies  of  the  oxygen  requirements  of  fishes  fall  into  two 
categories::   laboratory  investigations,  where  as  many  as  possible 
of  the  variables  are  controlled,  the  factor  under  study  is  varied, 
and  the  effects  on  fishes  directly  observed  for  a  relatively  short 
period;   and  fip.id  studies,  where  the  variable  in  question  is 
measured  in  different  sections  of  the  stream  and  is  related  to  the 
fish  population  in  various  areas,   both  types  of  study  have  certain 
advantages  and  disadvantages.   It  is  very  difficult  to  relate 
laboratory  results  to  field  conditions,  while  in  the  fi  ?d   studies, 
factors  other  than  the  variable  in  question  (dissolved  oxygen 
concentration)  might  have  a  bearing  upon  results.   It  is  believed 
that  the  btst  approach  is  to  carry  on  both  laboratory  and  fieli 
studies  so  that  they  supplement  each  other.   In  the  Interpretation 
of  laboratory  findings,  it  must  be  recognised  that  fish  are 
usually  held  under  favorable  conditions  and  it  is  necessary  to 
realize  that  all  findings  are  not  applicable  to  na:  ural  conditions. 

The  Lytic  Creek  studies  (40)  and  other  field  studies  have 
indicated  dissolved  oxygen  concentrations  at  which  fish  and  their 
food  supply  can  maintain  themselves.   Twenty-four  hour  studies  wore 
made  on  Lytie  Creek  at  all  seasons  cf  the  year  at  selected  stations 
to  determine  D,0„,  C0?,  pH.  and  temperature,   Such  studies  or  a 
continuous  record  of  dissolved  oxygen  are  essential  for  investi- 
gations of  D,0,  'requirements  es   there  are  great  c.iurnal  and  seasonal 
variations  in  oxygen  concentration.   Fish  populations  and  growth 
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r.D'".c  studies  were  rjade  over  p  two-year  period  (41)  (42)  in 
order  to  relate  then  to  environmental  conditions  find  r.heir  seasonal 
variations  in  different  portions  of  the  straarr:,  Uncontrolled 
variables  encountered  in  streem  studies  usually  make  it  difficult 
to  be  certain  that  differences  in  fish  r ovulations  are  caused  by 
oxygen  concentration  aior.c.   However,  it  is  believed  that 
variations  in  oxygen  concentration  were  the  important  variable 
in  Lytic  Creek  since  fish  appeared  first  in  tae  riffles  of  the 
upoer  zone  of  recovery  and  were  found  first  in  the  pools  much 
farther  downstrenis,  Since  fish  were  not  present  in  the  pool 
immediately  below  tbe  riffles  or  between  then,  it  is  believed 
this  difference  is  due  to  D„0,  ay  ether  limiting  factors  probably 
would  not  change  so  rapidly.  In  streams  having  a  considerable 
biological  oxygen  donand  there  are  marked  differences  in  D,0,  in 
the  pools  and  riffles.   In  studying  a  section  of  the  Scioto  River, 
it  wss  found  that  the  D..C.  at  the  tail  of  a  large  pool  was  0,1 
p  p,^t  while  about  200  yards  downstream,,  water  which  bad  passed 
over  a  wide  shallow  riffle  on  one  side  of  the  stream  contained 
5.0  o«p,ta,  oxygen.    Some  20  feet  from  the  riffle  in  the  main 
flow  of  rbc  river  there  was  2,5  p.ptm,  of  oxygen. 

In  streams  polluted  with  organic  wastes,  toxic  material 
such  as  F+g&t   i*l\~,  aad  CH4  may  be  formed  by  anaerobic  decomposition. 
The  H2S  may  escape  or  be  fairly  rapidly  used  by  certain  bacteria 
such  as  Scsgftioto**,  Thlcthrlx,  and  Gphaocotilus  (A3).  Usually 
much  of  the  KHo  ij  c<av.-v.rr.*-d  to  ^0^   and  both  cf  these  materials 
are  raoidiy  utilised  by  the  dense  growths  of  algae  in  the  recovery 
zone  (44).   Most  cf  i:hc  GKa,  which  is  not  very  toxic,  escapes  as 
a  gas.   Thus j  while  toxic  materials  may  be  formed,  it  is  possible 
that  they  do  not  exert  a  marked  effect  on  the  fish. 

Determination  of  the  oxygen  requirements  of  fishes  and 
establishment  of  suitable  dissolved  oxygen  criteria  are  especially 
difficult  ta  ks.   A  great  many  studies  have  been  made  of  the 
oxygen  requirements  of  fishes.   Investigators  have  not  always  used 
a  uniform  approach.   In  f^ct,  there  has  been  great  diversity  in  the 
species  studied,  the  conditions  under  which  they  were  studied, 
tne  experimental  methods  used,  the  objectives  or"  the  study,  the 
e-1  liber  of  the  invest ig? ton,  and  the  interpretation  of  results, 
Consequently,  data  obtained  have  varied  widely  and  have  no!:  always 
been  In  agreement ,   L'hort  tiM.ie  studies  tarried  out  in  aquaria  at 
low  ii'^er-l'ia'i-  with  resistant  fishes  i.hich  are  not  £ed  iodic:,'1 
or< ly  that  certain  ftsh&s  can  survive  vry  low  concentrations  oi 
dissolved  p;;ygeii  for  limited  periods,   ii-  should  be  recognized 
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that  were  survival  is  not  enough  and  that  the  minimum  dissolved 
oxygen  level  should  be  cue  suitable  for  the  continuous  maintenance 
of  a  satisfactory  fish  crop.  Minimum  D.O.  Iev3ls  at  which  some 
species  of  fish  can,  through  adaptation,  resist  death  by 
asphyxiation  for  a  time  are  not  adequate  for  completion  of  the 
normal  life  cycle.  Oxygen  levels  muse  be  continuously  adequate 
for  the  general  well  being  of  the  fish  and  the  maintenance  of  fish 
food  organisms.   Before  adequate  criteria  can  be  establifhsd  it 
is  essential,  therefore,  to  know  the  environmental  requirements 
of  the  fishes  since  the  objective  is  to  provide  suitable 
conditions  for  them. 

Concentration  of  dissolved  oxygen  is  often  expressed  as 
weekly,  monthly,  or  sometimes  daily,  averages.  Such  values  are 
not  satisfactory  as  they  do  not  indicate  environmental  variations 
and  nay  actually  be  misleading  from  the  standpoint  of  the 
continued  existence  of  the  fish.   It  is  the  extreme  variations 
which  may  become  limiting  and  which  are  the  most  important  for  in- 
dicating unfavorable  habitat3. 

Sore  D.O.  criteria  have  bean  set  up  as  percentages  of 
saturation.  This  procedure  is  deerted  undesirable  because  over 
the  ra.ige  of  temperature  observed  in  our  natural  waters,  50  per- 
cent of  saturation  may  meen  7.3  p.ptm.  oxygen  cr  3.5  p. p.m.  As 
temperature  increases  the  amount  of  oxygen  which  can  be  held  by 
the  water  decreases,  whereas  the  amount  required  by  the  fish  ..'in- 
creases.  It  is  believed  that  criteria  for  dissolved  oxygen  should 
be  expressed  in  parts  per  million  by  weight. 

Findings  in  Lytle  Creek  ha**©  indicated  that  in  a  stream 
section  in  which  the  oxygen  concentration  is  usually  above  5  p. p.m., 
the  occurrence  of  concentrations  belov;  5  p.p.m.,  but  not  below 
3  p,ptm.  for  a  few  hours,  does  not  have  on  adverse  effect  upon  a 
well  rounded  warm-water  fish  population.   Minnows  and  other  coarse 
fishes  were  found  in  the  section  where  minimum  D.O,.  lovels  dropped 
to  2  p.p.m,  or  slightly  belov/.   On  the  basis  of  these  studies  and 
other  pertinent  data  it  is  believed  that  for  a  well  rounded  warm- 
water  fish  population,  dissolved  oxygen  concentrations  must  not  be 
below  5  p.p.m.  for  more  thou  8  hours  cf  any  2 't -hour  period  and  at 
ro  time  should  they  be  below  3  p  p.m.  For  the  maintenance  of  a 
coerce  fish  population  dissolved  .r.ygcn  concentrations  should  not 
be  below  rj   p,p,-'i.  for  more  than  3  hours  of  any  24-hour  period,  and 
ex.   no  time  should  they  be  belov;  2  p.p  m. 
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The  sahr.onoid  fishes  are  not  usually  found  in  streams 
whore  minimum  dissolved  oxygen  concentrations  are  lower  than 

4  to  5  pp.m.  For  normal  feeding  aad  adequate  growth  at  least 

5  p. p.m.  dissolved  oxygen  are  required.   Successful  development  of 
eggs  and  fry  require  a  minimum  of  6  p.p.m.,  while  for  the  full 
range  of  activity  for  brook  trout  and  perhaps  for  other  members 

cf  the  family,  7.6  p. p.m.  are  re-quired  at  15°  C,  and  full  air 
saturation  at  20°  C.  and  above  (31).  It  is  believed,  therefore, 
that  for  good  salmonoid  production  dissolved  oxygen  concentrations 
should  not  be  less  than  6  p. p.m. 

Carbon  Dioxide 


Carbon  dioxide  may  influence  the  toxicity  of  other  materials 
cr  it  may  in  itself  be  harmful  if  present  in  sufficient  quanti- 
ties. Alabaster  and  Herbert  (48)  found  that  CO-,  was  not  toxic 
to  rainbow  trout  within  a  12-hour  exposure  at  concentrations  up 
to  20  p. p. hi,  but  was  toxic  at  60  p. p.m.,  and  that  period  of  sur- 
vival decreased  as  the  concentration  increased.  The  presence 
of  C0o  In  concentrations  from  15  to  60  p. p.m.  was  fouad  to  reduce 
the  toxicity  of  amraor.la.   Higher  concentrations  are  toxic;  100  to 
200  p. p.m.  can  be  rapidly  fatal  to  moderately  susceptible  fresh 
water  fishes  in  well  oxygenated  water.  Fifty  to  100  p.p.m,  can 
ceu?e  distress  and  may  be  lethal,  Both  marine  and  fresh  water 
fishes  vary  greatly  in  their  resistance  to  CC2.  Wells  (49)  reports 
thf»t  resistance  of  fishes  to  harmful  conditions  varies  with  the 
species,  with  age  or  size  and  weight,  with  the  condition  or 
physic logical  state  of  the  individual,  and  with  the  season.  Ve 
fcuiid  that  practically  all  the  fishes  with  which  he  worked  were 
least  resistant  just  after  the  breeding  season--  June,  July, 
and  August--  and  most  resistant  before  It--  March,  April,  May (50). 
Powers  (51)  has  shown  that  the  ability  of  marine  fishes  to  extract 
oxygen  at  low  concentrations  was  adversely  affected  by  moderate 
amounts  of  CC?  which  lowered  the  pH.  The  investigatiun  cf  Black, 
Fry,  and  Black  (52)  demonstrated  the  influence  of  C0o  on  the 
utilization  cf  oxygen  by  16  species  of  fresh  water  fishes.  It 
was  found  that  oxygen  in  the  respired  water  at  the  time  of  death 
was  higher  when  the  tension  of  CC2  was  increased.  The  ability  to 
take  up  oxygen  i.i  the  presence  of  CO2  varied  *ith  the  species. 
Powers  and  co-workers  found  (53)  that  fish  are  able  to  absorb 
ozygen  at  a  low  oxygen  t en sivro  through  a  wider  range  of  CO2  tension 
than  is  found  in  the  natural  waters  in  which  they  live.  Most 
workers  have  found  that  naturally  occurring  levels  of  CO2  are  not 
detrimental  to  fishes.   It  is  believed  that  concentrations  under 
30  p.p,m,  in  the  absence  of  other  adverse  factors  will  have  no 
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harmful  effects  on  most  species.  The  majority  of  investigations 
indicate  that  CO2  becomes  rapidly  harmful  at  concentrations  of 
100  to  200  p.p.mt  Surber  (54)  found  that  concentrations  betvrcea 
55  p«p,m.  and  78.5  p. p.m.  in  hard  water  at  pH  6.9  to  7.0  caused 
a  decided  increase  in  the  loss  of  eyed  eggo  and  the  number  of 
deformed  trout  fry.  Concentrations  up  to  43  p. p.m.  apparently 
hand  no  harmful  effect. 

Dissolved  Solids 


il,  unpolluted  waters  of  lakes  and  streams  have  in 
.  amounts  of  the  anions  003"  7  CI  ,  SO4  ,  smaller 


Natural 
solution  small 

quantities  of  N03"Y"  PO4'  ",*  Kll4+  ,  and  NO2",  and  traces  of  many 
others  .  The  metallic  cations  are  Ca+  %   >lg  +  %   Ka+,  K+,  Fe  +  +  f  fti+  + 
and  trace3  of  several  others.  These  materials  exert  a  physiological 
and  osmotic  effect  to  which  organisms  have  become  adpated.  In  fact, 
these  dissolved  materials  ere  required  by  the  organisms.  Rawson 
(55)  found  a  positive  correlation  between  the  total  solids  in 
fresh  wafers  and  the  average  standing  crop  of  plankton  and  bottom 
fauna.  The  type  of  rock  formation  and  soil  largely  determines  the 
concentration  of  dissolved  solids  in  a  water  but  erosion  may  be  of 
considerable  importance.  Pollution  may  also  be  a  factor.  During 
the  period  from  1S06-C7  to  1934-43,  the  average  amount  of  dissolved 
solids  in  Lake  Erie  increased  from  133  to  165  p. p.m.  whereas  these 
in  Lake  Superior  remained  unchanged  (56)  (57). 

Criteria  for  dissolved  solids  have  little  meaning  if  the 
purpose  of  the  criteria  is  the  protection  of  aquatic  life,  unless 
the  materials  to  be  considered  as  dissolved  solids  are  specified. 
It  is  apparent  that  salts  of  Hg,  Cu,  Ag,  Zn,  Fb,  and  Cd  will  have 
a  much  different  effect  on  fishes  than  will  equal  concentrations 
of  salts  of  Ca,  Na,  Mg,  and  K.   In  general  when  total  dissolved 

solids  are  referred  to  in  relation  to  water  quality  criteria,  It 
is  the  salts  of  these  relatively  nontoxic  earth  metals  which  are 
believed  to  be  under  consideration.  Unnatural  concentrations  of 
these  salts  may  effect  aquatic  life  in  two  ways.   If  the  solution 
of  salts  is  physiologically  unbalanced,  one  of  them  may  exert  a 
direct  toxic  effect.   If  they  are  physiologically  balanced,  that  is, 
each  is  present  in  quantities  sufficient  to  antagonize  any  tcxic 
effects  of  one  or  more  of  the  ethers,  they  may  occur  in  such  con- 
centrations that  they  exert  an  orotic  effect,  Wiebe  (53)  points 
out  that  the  osmotic  pressure  that  fish  can  tolerate  depends  to 
a  large,  extent  en  acclimatisation.  Fish  acclimated  to  the  extremely 
soft  -waters  of  East  Texas  canr^<  survive  when  subjected  to  salini- 
ties to  which  the  fish  of  the  Pecos  River  are  continually  exposed. 
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Texas  rivers  (S3)  range  in  total  dissolved  solids  from  45  to 
4,310  p,.p.m,   Wiebe  found  as  ranch  as  2C.000  p. p.m.  of  chloride  in 
a  stream  where  fresh  water  fish  were  supposed  to  live.  However, 
Young (59)  indicates  that  when  dissolved  solids  reach  11,000  p.p,.m. 
only  certain  fish  can  tolerate  them  indefinitely.   The  ability  to 
resist  high  concentrations  of  dissolved  solids  varies  with  the 
species,   While  sott.c  fishes  move  from  marine  to  fresh  water  or 
from  fresh  to  sea  water,  some  species  have  been  reported  a3  being 
uneble  to  reftist  concentrations  above  3>000  p.p.m,  Yourg  reported 
that  Me2^3  i*i  concentrations  about  800  p.p.m,  was  unfavorable 
for  catfish.  Huntrman  (60)  reports  that  in  the  Quill  lakes  of 
Saskatchewan,  which  have  a  total  solids  content  of  16,550  p,p,m., 
there  is  a  resident  fioh  population  of  somewhat  limited  extent. 
It  is  believed  that  total  dissolved  solids  in  concentrations  up 
to  3,000  p.p.m.  can  be  tolerated  by  most  fishes,  if  the  materials 
in  solution  are  the  relatively  non-toxic  earth  metals  and  are 
phy o ic legica 1 ly  ba i«nced . 


Chlorides 

The  amount  of  chlorides  is  often  considered  as  a  measure 
of  salinity  or  of  total  dissolved  solids.   When  dealing  with  sea 
water,  which  is  fairly  uniform  and  the  composition  of  which  is 
known »  chlorides  can  be  taken  as  a  measure  of  salinity  or  dis- 
solved solids.  This  doe3  not  hold,  hovevor,  for  oil  field  brines 
and  other  wastes.   Oil  field  brines  differ  drastically  from  one 
another  and  from  sea  water  and  ninny  wastes  contain  large  quantities 
of  salts  other  than  chlorides. 

The  chloride  ion  as   such  does  not  have  much  significance 
from  the  standpoint  of  toxicity  to  aquatic  life.  The  cation  is 
so  mmh   more  important  that  the  crioride  anion  is  not  generally 
considered.   This  is  especially  true  with  chlorides  of  the  heavy 
metals  such  as  mercery,  copper,  zinc,  etc.   Even  with  salts  of  the 
relatively  nontoxic  eirth  metals  the  toxicity  of  their  chlorides 
is  evidently  attributable  to  the  specific  toxicity  of  the  cations 
present  and  not  to  cr.y  toxicity  of  the  chloride  ions.   Since  the 
e.-.tionc  vary  greatly  in  their  toxicity  to  fish  and  are  goveenng 
in  th*a  determination  of  toxicity,  it  is  ouvious  that  tin  cl.A'. .  r..:l~ 
ion  content  of  a  mixture  of  salts  is  not  a  reliable  index  u'.i 
to  vlclty. 
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Physiologically  balanced  mixed  salt  solutions  such  as 
sea  water  may  be  harmful  to  freshwater  organisms  because  of  their 
excessive  over-all  salt  content  and  osmotic  pressure  rather  than 
the  specific  toxicity  of  any  particular  ions  present.  Provided 
that  the  salts  and  other  substances  dissolved  in  water  are  balanced 
against  each  other  so  as  to  exclude  any  individual  toxic  effects, 
certain  hardy  freshwater  fishes  can  tolerate  waters  of  osmotic 
pressure  equal  to  those  of  their  own  bloods  and  even  higher  for 
extended  periods.  Other  freshwater  fishes,  however,  have  been 
reported  unable  to  tolerate  balanced  salt  solutions  with  con- 
centrations of  2C00  to  4000  p. p.m.   It  is  not  known  whether  a 
typical  freshwater  fish  can  complete  a  normal  life  history  in 
water  of  relatively  high  osmotic  pressure,  nor  is  it  known  how 
osmotic  pressure  at  feet  rs  the  life  processes  of  other  freshwater 
organisms.   It  is,  therefore,  impossible  at  present  to  define  the 
maximal  safe  osmotic  pressure  of  a  freshwater  environment. 
Presumably,  the  tolerable  osmotic  pressure  entails  a  salt  con- 
centration far  higher  than  the  limits  imposed  by  industrial  and 
municipal  requirements.   When  we  are  dealing  only  with  different 
concentrations  of  a  particular  salt  mixture  such  as  sea  salt, 
the  composition  of  which  is  known  and  uniform,  the  chloride  content 
of  the  solutions  (which  is  easily  determined)  can  be  a  useful 
index  of  osmotic  strength.   However,  when  we  are  dealing  with 
mixed  salt  solutions  of  unknown  and  varying  composition  (such  as 
oilwell  brines  and  other  industrial  wastes),  their  chloride  ion 
content  is  not  a  reliable  index  of  osmotic  strength.   For  example, 
an  industrial  waste  brine  containing  a  large  amount  of  sodium 
sulphate  can  be  much  more  active  osmotically  than  another  brine 
with  a  much  higher  chbrlde  ion  content  which  contains  only 
sodium  and  calcium  chlorides.   It  is  impossible  when  dealing  with 
mixed  wastes  to  generalize  as  to  the  relationship  between  chloride 
ion  concentration  and  osmotic,  toxic,  or  over-all  pollutional 
strength.   It  is  believed,  therefore,  that  chloride  ion  criteria 
have  no  practical  significance  as  far  as  aquatic  life  is  concerned. 

Fluorides 

Studies  at  our  laboratory  in  Cincinnati  have  indicated  that 
fluoride  ions  do  havs  toxic  properties  in  their  own  right.  Further, 
they  appear  to  have  a  cumulative  effect.   In  10-day  tests  it  was 
found  that  the  TL,n  value  for  potassium  fluoride  was  64  p. p.m.   It 
is  believed  fcfest  Ifror   good  fish  production  the  fluoride  content 
should  not  exceed  5  p. p.m. 


-  71  - 


Toxic  Materials 

There  is  a  great  deal  of  literature  dealing  with  the 
toxicity  of  various  pure  chemicals  to  fishes.  The  great  majority 
of  investigators  have  used  different  approaches  and  have  carried  out 
their  studies  with  a  variety  of  fishes',  using  different  tvPSS  of 
waters  for  dilution.   Several  compilations,  reviews,  or  biblio- 
graphies of  these  studies  have  been  mad*  (38),  (61), (62),  (63), 
(64),  (67).  An  examination  of  these  papers  clearly  indicates  that 
there  is  great  variation  in  toxic  levels  reported  by  various 
investigators  for  selected  pure  chemicals.   This  variation  is 
especially  evident  in  the  California  report  (61). 

The  quality  of  the  receiving  or  dilution  water,  which  is 
often  not  reported  by  some  of  those  Investigating  toxicity,  ic 
of  outstanding  importance  in  determining  toxicity  of  a  particular 
material  or  waste,,   Several  environmental  factors  may  influence 
toxicity,  such  as:  temperature,  CO   D,0M  pH,  alkalinity,  hardness, 
turbidity,  and  dissolved  materials.   Certain  dissolved  materials 
mey  significantly  /affect  tl:e  toxicity  of  a  waste  through  their 
synergistic  or  antagonistic  action  or  through  complexation, 
percipitation,  or  other  action.   In  the  case  of  ferro-  and  ferri- 
cyanide  solutions,  sunlight  is  of  im-nrtence  as  photo  decomposition 
of  these  materials  occurs  with  the  production  of  toxic  HCt3  (65), 
The  heavy  metals  are  considerably  more  toxic  at  low  pH  since  they 
are  more  soluble  in  acidic  solutions ,      In  hard  waters  at  higher  pH 
they  are  precipitated  or  changed  in  ether  ways  to  become  much  less 
toxic.   It  has  been  found  that  beryllium  and  uranium  are  60  to 
£0  times  more  toxic  in  soft  waters  than  ia  hard  water  (66).  Ellis 
.(33)  and  ether  investigators  have  found  that  ammonia  becomes 
rspidly  more  toxic  at  pH  values  above  8,0,   Calcium  antagonizes  the 
toxicity  of  many  of  the  heavy  metals  whereas  some  of  them  are 
synergistic  with  each  other  and  become  considerably  more  toxic 
when  mixad;   examples  are  Cu  and  Zn,  Cu  and  Cd,  and  Zn  and  Ni  (67). 

The  toxicity  of  many  of  the  metal-cyanide  completes  is 
greatly  infr.uence-d  by  pH.   Doudcroff  (58)  lias  reported  that  fish 
can  withstand  1,000  tim^s  as  much  nickel  cyanide  conn lex  at  pH  8  =s 
ot   pi  6,5.   -Among  the  metabolites,  including  weak  aci'is  and  bases, 
it  is  the  molecule  and  noc  the  ion  which  appears  to  be  toxic.   Thus 
weak  acids  cuch  as  HGsf  and  ii*»f>  become  more  toxic  as  the  pH  ij 
lowered  ar,d  dissociation  depressed,  whereas  weak  bases  such  as 
NII^OH  become  more  toxic  as  the  pi!  is  raised. 
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In  general,  materials  are  more  toxic  at  higher  temperatures 
and  at  low  dissolved  oxygen  levels.  Carbon  dioxide  may,  through 
its  effects  on  pH,  render  some  materials  more  toxic  or  it  may 
serve  to  make  others  less  toxic.  Complexation,  precipitation, 
oxidation,  dissociation,  recombination,  or  buffering  action  must 
also  be  considered.  The  influence  of  water  quality  and  other 
environmental  factors  on  the  toxicity  of  various  materials  has 
been  summarized  by  Tarzwell  (69). 

The  character  of  the  receiving  water  can  cause  wide 
variations  in  the  toxicity  of  many  materials  to  fishes.  Reference 
to  the  literature  on  the  toxicity  of  specific  pure  chemicals  is 
of  little  value  for  determining  the  toxicity  of  a  complex  waste 
containing  these  and  other  materials.  Such  an  approach  neglects 
water  quality,  which  is  of  particular  importance,  as  well  as 
synergism  and  antagonism,  oxidation,  precipitation,  complexation, 
and  other  actions  which  may  occur  in  the  stream  and  may  greatly 
influence  the  toxicity  of  a  waste  in  a  particular  stream. 
Numerical  standards  for  toxicity  of  specific  pure  chemicals  have 
little  value  and  can  be  misleading.  From  the  standpoint  of 
industry  they  may  be  very  undesirable.   If  a  regulatory  agency 
sets  numerical  criteria  for  the  heavy  metals  and  other  substances 
which  are  to  be  applied  over  a  wide  area,  they  must  be  set  so  low 
that  allowable  concentrations  are  not  detrimental  to  aquatic  life 
under  those  conditions  at  which  they  are  most  toxic.  For  example, 
criteria  for  nickel  cyanide  wastes  discharged  into  an  acid  stream 
would  have  to  be  set  so  low  that  the  HCN  formed  from  the  wastes  would 
not  be  toxic,  whereas  in  an  alkaline  stream  the  criteria  could  be 
much  higher  as  an  increase  of  one  and  one-half  pH  units  from  6.5 
to  8.0  decreases  the  toxicity  of  this  material  over  1000  times. 
Copper  is  much  less  toxic  in  hard  waters  than  it  is  in  soft  water 
with  a  low  pH;  variation  may  be  as  great  as  200  times. 

It  is  believed  that  the  best  approach  to  this  problem  is  to 
make  bio-assays  with  the  total  waste,  using  for  dilution,  water 
from  the  receiving  stream  at  the  point  where  the  waste  is  to  be 
discharged.   In  this  way  the  many  variables  which  influence  the 
toxicity  of  that  particular  waste  in  that  stream  are  taken  into 
consideration  and  safe  disposal  or  dilution  rates  can  be  determined. 
With  certain  exceptions  (some  of  the  insecticides  and  other  materials 
whose  toxicity  is  not  influenced  by  water  quality),  water  quality 
criteria  for  toxic  materials  when  applied  over  wide  areas  should 
not  be  expressed  as  numerical  values.   It  is  believed  that  a 
tailor-made  approach  should  be  used  where  toxicity  of  the  waste  can 
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be  determined  for  the  particular  receiving  stream  at  the  point 
of  discharge.  When  the  toxicity  of  a  waste  is  determined  in 
this  way  allowable  concentrations  for  tfwt  particular  situation 
can  be  expressed  as  p. p. a.  or  as  dilution  ratios.  Such  an 
approach  also  permits  evaluation  and  comparison  of  the  toxicity 
of  wastes  from  different  industries  along  the  stream. 

Summary  and  Conclusions 

The  establishment  of  water  quality  criteria  for  th« 
protection  of  our  valuable  aquatic  resources  is  a  eoortolicatt-d 
and  difficult  problem.   Since  the  basic  objective  of  water 
quality  criteria  for  the  protection  of  aquatic  life  is  to "provide 
or  preserve  environmental  conditions  essential  for  the  survival 
normal  growth,  reproduction,  and  well  being  of  aquatic  organises, 
a  Knowledge  of  the  environmental  requ-  repents  of  these  organisms 
j.s  essential  for  the  establishment  of  such  criteria.  Many  of  -he 
activities  of  man  have  modified  the  aquatic  environment.  Amor-g" 
toece  are  deforestation,  unwise  agricultural  practices,  overgrazing 
f'"  poilutico.  Our  aquatic  resources  which  produce  billions  of 
doHera  yearly  in  revenues  from  sport  and  commercial  fishing  a-e 
a  renewable  resource  worthy  of  our  best  efforts  for  preservation. 

i*.  «„i  ? iltat^onu^e  to,  erosion  has  been  and  is  a  major  pollutant, 
ihe  solution  of  this  problem  by  means  of  erosion  control  must  be 
a  cooperative  effort  among  those  agencies  dealing  with  water 
soil,  &nd  other  natural  resources. 

While  all  the  environmental  requirements  for  aruatic  life 
are  net  now  fcr*ow»  application  of  the  data  presently  available  "ran 
be  used  effective*  in  the  setting  up  of  so-ie  criteria.  As  more  " 
aata  becr^e  available  existing  criteria  can  be  modified  and  others 
set  up  j.n  order  to  meet  the  problem  more  adequately. 

ir  d.,-r.I?*  rV\lty  °rr   thC  rfeivlnS  *****  **  particularly  iroortart: 
ir.  determining  the  effects  of  tmny   wastes.  Among  the  factor:;" 
m^ueucir-g  the  toxicity  of  pollutants  in  a  particular  receiving 

d^"oiarH  ^^f^'   C°2'  D°"  **>   •U»li5t7.  harness,  and? 
dissolved  materials.  Other  factors  which  mav  modify  the  toxicity 
Of  a  waste  are  completion,  precipitation,  oxidation,  synergv 
and  antagonism.  *  -->'ie-^» 
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In  view  of  the  many  factors  which  rosy  influence  the 
effects  of  pollutants  in  different  strearcs,  it  is  believed  that 
in  most  situations  r.  une/ical  criteria  which  are  to  apply  to 
extensive  areas  can  be  set  or.ly  for  temperature,  D.O.,  and  pH. 
With  a  few  exceptions,  such  as  the  insecticides  and  certain  other 
materials,  it  is  believed  a  tailor-made  approach  should  be  used 
in  setting  criteria  for  toxic  wastes.  This  approach  would  consist 
of  bio-assays  of  the  waste  in  question,  using  for  dilution,  water 
from  the  receiving  stream  taken  from  the  area  ir.to  which  the 
waste  i3  to  be  discharged.   Such  bio-assays  would  take  into 
consideration  the  variables  which  influence  toxicity  of  that 
particular  waste  and  can  be  used  with  appropriate  application 
factors  to  indicate  safe  concentrations,  or  the  amount  cf 
dilution  required. 

Criteria  for  settleable  solids  and  turbidity  will  depend 
largely  on  local  conditions  and  will  vary  with  the  stream  and 
the  area. 

When  eons tiering  large  areas  pH  values  should  not  fall 
be lew  5  or  exceed  9.5,  but  for  good  fish  production  it  is  desirable 
that  they  be  maintained  between  6.5  and  8.5. 

For  a  well  rounded  warm  water  fish  population  dissolved 
oxygen  levels  shouia  net  be  below  5  p. p.m.  for  more  than  8  hours 
in  any  24  hour  period  and  at  no  time  should  they  be  below  3  p. p.m. 
If  a  coarse  fish  peculation  only  is  desired  minimum  levels  may 
fall  to  2  p. p.m.   For  good  production  of  Salmonoid  fishes  a 
minimum  of  6  p.p.m.  appears  to  be  required.  However,  trout  can 
live  and  reproduce  m  waters  where  the  V«Q,   content  may  drop 
to  4  or  5  p. p.m.  but  the  survival  of  egg3  and  fry  and  the 
proouctivity  is  usually  not  so  high. 

It  is  .suggested  that  in  the  northern  portion  of  the 
country  peak  temperatures  for  warm  water  fishes  should  not  exceed 
93°  F.  In  the  southern  portion  of  tte  country  fish  are  better 
acclimated  to  higher  tenraeratureo  and  can  withstand  peak  temper- 
atures cf  96°  F.  or  higher.  While  trout  cin  stand  peak  temper- 
atures of  80°  F.  to  £3°  F.  for  short  periods,  best  production 
5s  attained  in  streams  having  summer  temperatures  of  60°  F.  to 

tuO  p 

Allowable  concentrations  of  toxic  complex  wastes  for  each 
stream  or  situation  should  be  determined  by  raean3  of  bio-assays  and 
safe  dilutions  ec'cimar.ed  by  the  use  of  application  factors  or  by 
other  means. 
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The  question  of  radioactive  waste  disposal  occupies  many 
people's  minds  to-day.  Nuclear  power  is  now  a  reality,  and ^ some 
have  painted  an  alarming  picture  of  atomic  power  plants  springing 
up  over  the  continent  and  spreading  their  mysterious  radioactive 
wastes  into  the  environment.  This  view  overlooks  the  fact  that 
the  atomic  energy  industry  is  already  a  vary  large  one  -  in  fact 
in  the  U.S.*,,  it  is  the  largest  single  industry,  with  a  capital 
investment  exceeding  five  billion  dollars.  This  hu^e  industry 
is  handling  its  wastes  at  the  present  time  in  a  safe  and  effective 
manner.  lt   is  true  that  a  widespread  development  of  nuclear  power 
vail  create  further  waste  disposal  problems,  but  they  are  problems 
that  can  be  solved  by  application  of  knowledge  already  gained. 

The  mysterious  nature  of  radioactivity  is  duo  to  its  newness 
and  novelty  rather  than  any  inherent  properties.  Radioactivity  is 
surprising] y  easy  to  detect  -  using  a  high  voltage  supply,  a 
gas-filled  Geiger  tube  and  an  electronic  recording  device,  it  is 
possible  to  measure  millionths  of  a  gram  of  most  radioactive 
isotopes  with  amazing  accuracy.  It  is  true  that  radioisotopes 
can  be  tolerated  only  in  small  amounts  in  the  environment,  but 
since  the  production  of  waste  radioactive  materials,  even  from 
lar;;e  installations,  can  be  measured  in  grams  per  day,  the  disposal 
problem  remains  in  proportion. 

Because  of  the  time  available  for  this  talk,  we  will 
consider  only  the  treatment  and  disposal  of  liquid  wastes. 
This  does  not  mean  that  gaseous  and  solid  wastes  are  not  important, 
but  even  though  we  confine  ourselves  to  liquids  many  aspects  of 
their  treatment  and  disposal  can  only  be  mentioned  briefly. 

Types  of  uarte  Found  in  the  Atomic  aner,?y  Industry 

An  atomic  energy  project  like  any  other  industry  produces 
many  different  kinds  of  waste.  These  can  be  classified  and  sub- 
divided in  many  ways.  Fig.  1  shows  one  classification  of  the 
main  types  and  tha  major  sources  of  waste. 

Treatment  and  Disposal  of  'iastos 

(l)  Inactive 

Those  arc  given  conventional  treatment   (e.g.      Imhoff 
tanks)   followed  by  chlorinntion  ani  disposal  to  river. 
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(2)  Potentially  Active 

wastes  of  this  type  require  a  delay  tank  system  to 
hold  the  liquid  until  it  has  been  tested  for  radioactivity. 
A  further  requirement  is  a  'flexible1  purnping  and  piping 
layout  so  that,  depending  of  the  result  of  the  laboratory 
analysis,  the  wastes  can  be  diverted  to  inactive  or  active 
disposal. 

(3)  Active 

For  slightly  active  or  'cool'  wastes  the  same  require- 
ments of  delay  and  flexibility  in  the  pumping  system  are 
necessary.  Host  of  these  wastes  are  of  large  volume  and  normally 
low  in  Bnioactivity. 

The  reactor  coolant  is  unique  in  that  it  contains  no 
fission  products,  but  only  induced  radioactivity  caused  by 
neutron  irradiation  of  the  dissolved  salts  as  the  water  passes 
through  the  reactor.  Over  95#  of  the  induced  radioactivity  has 
a  half -life  or  less  than  one  day  and  the  only  other  radioisotope 
of  significance  is  radiophosphorus  (P^2)  with  a  half-life  of 
approximately  14  days.  These  characteristics  make  this  type 
of  waste  particularly  amenable  to  treatment  by  delay  -  several 
days  delay  causes  a  considerable  reduction  in  radioactivity  due 
to  decay. 

Under  some  circumstances,  it  is  possible  for  normally 
cool  wastes  such  as  the  active  laundry  effluent,  the  decontam- 
ination wastes  and  the  reactor  coolant  to  become  more  radioactive. 
An  example  would  be  the  development  of  a  leak  in  a  reactor,  such 
as  occurred  in  the  Chalk  Rivor  NRX  reactor  in  Deve*iber  1952, 
during  which  the  coolant  water  became  contaminated  with  fission 
products.  In  such  cases,  the  segregation  of  wastes  at  their 
source  and  a  flexible  pumping  set-up  means  the  wastes  can  be 
diverted  from  their  normal  disposal  -  the  river  -  and  given 
special  treatment. 

The  'intermediate'  and  'hot'  active  wastes  contain 
fission  product  activity  in  such  amounts  and  of  such  a  nature 
that  they  cannot  be  disposed  of  into  streams  or  even  large  rivers. 

"Intermediate'  wastes  are  probably  the  most  difficult  of 
the  wastes  encountered.  They  are  often  of  considerable  volume, 
their  radioactivity  is  such  that  they  require  careful  handling 
and  they  often  have  a  considerable  content  of  non-radioactive 
dissolved  material  which  may  complicate  treatment. 

However,  they  can  be  handled  in  one  of  two  ways  depending 
on  the  non-radioactive  material  present.  The  first  of  these  is 
disposal  of  specially  prepared  soil  pits  where  the  radioactive 
cations  are  retained  by  the  negatively  charged  soil  particles. 
Before  soil  disposal  these  wastes  may  require  preliminary  treat- 
ment by  ion-exchange  or  chemical  destruction  to  remove  undesirable 
extraneous  compounds.  A  second  method  involves  incorporating 
the  wastes  into  special  non-leachable  concrete  blocks  which 
can  ce  buried  in  the  ground  or  disposed  into  deep  ocean  water. 
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"Hot'  wastes  which  are  highly  radioactive  and  of  small 
volume  are  kept  as  long  as  possible  in  special  delay  tanks  to 
take  advantage  of  radioactive  decay,  'ihey  can  be  best  disposed 
of  by  incorporation  into  a  fused  ceramic  or  glass-like  product 
in  which  the  radioactive  ions  are  tenaciously  held  by  ion-exchange 
mechanisms  and  the  fused  nature  of  the  material  reduces  leaching 
of  radioactivity  to  a  minimum.  These  blocks  can  be  stored  in 
remote  disposal  areas  to  await  the  decay  of  the  radioactivity. 

affects  of  Disposal  to  Streams  and  Rivers 

The  Chalk  River  Project  like  many  other  atomic  energy 
installations  has  taken  the  view  that  a  minimum  amount  of 
radioactivity  should  be  disposed  into  streams  and  rivers. 
This  policy  of  course  means  that  any  possible  effects  are 
greatly  reduced.  At  Chalk  River  the  limited  disposal  of 
fission  products  to  the  Ottawa  River  results  in  concentrations 
of  radioactivity  far  below  the  permissible  levels  allowed  in 
water  for  life-time  consumption.  i*o  radioactivity  has  ever  been 
detected  in  the  water  supply  of  Pembroke -which  is  about  20  miles 
downstream  from  the  project. 

It  is  known  that  some  plants  and  animals  can  concentrate 
some  radioactive  ions  even  from  very  dilute  solutions.  fliis 
possibility,  and  the  fact  that  incomplete  mbdng  of  the  effluent 
with  the  river  water  could  occur,  resulting  in  uneven  dilution 
of  materials,  has  meant  the  establishment  of  continuous  surve; 
of  the  river  and  the  plants  and  animals  living  in  it.  Thousand 
of  specimens  of  fish,  plants,  invertebrates  and  sediment  are 
collected  each  year  and  assayed  for  radioactivity.  Continuous 
sampling  of  the  plant  effluent  entering  the  river  is  .arried 
out. 

The  years  have  shown  that  the  early  fears  were  unfounded. 
There  has  been  no  accumulation  of  radioactivity  in  the  river 
organisms  during  the  years  in  which  the  project  has  been  in 
operation.  A  detectable  amount  of  radioactivity  is  found  in 
the  river  organisms  each  summer  immediately  below  the  project 
outfall.  This  is  due  to  an  uptake  of  radio-phosphorus  from  the 
reactor  coolant.  In  the  fall  this  radioactivity  disappears  due 
to  the  lowered  metabolism  of  the  animlas  and  the  short  life  of 
the  radio-phosphorus.  Despite  these  results,  the  biological 
survey  programme  -  as  with  all  programmes  designed  for  public 
health  protection  -  continues  to  be  carried  out. 

Conclusion 

This  has  been  a  very  brief  survey  of  the  problems 
concerned  with  radioactive  waste  disposal.  By  utilizing  the 
established  waste  disposal  principles  of  segregation  and 
reduction  of  wastes  at  their  source;  by  taking  advantage  of  the 
natural  properties  of  the  waste  materia':;  (i.e.  radioactive 
decay  and  usually  caticntc  form)  and  by  following  an  intensive 
and  continuous  sampling  programme,  it  is  possible  to  dispose  of 
radioactive  wastes  safely  and  effectively. 
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Introduction 

Grain  stillage  recovery  and  utilization  is  undergoing 
continuous  research  both  in  individual  distilling  companies 
and  through  collaborative  programs  with  others.  Thss;'. 
investigations  have  led,  over  the  years,  to  an  industry-vd.de 
increase  in  recovery  efficiencies  and  a  corresponding 
reduction  in  the  amount  of  stilloge  wasted.   These  developments 
are  reviewed  in  the  present  paper,  with  particular  emphasis 
upon  the  commercial  anplicationc  of  grain  distillers  byproducts 
in  industry  and  agriculture. 

Potential  Wastes 

The  unit  processes  involved  in  the  conversion  of  grain 
to  beverage  alcohol  and  whiskey  are  briefly  outlined  in 
Figure  1  and  hive  been  discussed  in  detail  elsewhere  (3>^j5, 
9,15).  Detailed  studies  on  the  sources  and  potency  of  potential 
wantes  from  a  mouern  distillery  practicing  co.nplete  sti-lage 
recovery  also  have  been  published  recently  (3,5). 

Distillery  washes  have  a v potential  pollution  load  of  about 
50  population  equivalents  per  busr.cl  mashed.   Hence  a  5,000 
bushel  pr  ant  practicing  no  "stilla(;e  to  feed"  recovery  would 
ha  -c  a  pollution  of  abcrot  250,000  population  equivalents.   The 
aain  potential  waste  from  a  grain  distillery  is  the  stUlagSt 
Other  sources  of  pollution  load  in  a  .Train  distillery,  such  as 
clean  up  waters,  cooler  blow-down s  evaporator  tail  waters,  etc., 
are  minor  in  comparison  t,o  (.he  potential  load  from  stillage. 
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Complete  stillage  recovery  reduces  the  pollution  load  to 
1  to  3.5  population  equivalents  per  bushel  mashed  (3,5) • 
A  few  U.S.  Distillers  practicing  complete  stallage  recovery 
but  located  on  aaall  to  dry-run  streams  also  treat  their 
final  plant  effluent  (3*5,9,15). 

Situation  in  Sarly  1930' g 

We  would  like  to  direct  your  attention  to  the  grain 
distillery  waste  problem  as  it  existed  in  Canada  and  U.S.  in 
the  early  1930' s.  In  those  days  the  common  practice  was  to 
discharge  the  iiraste  to  streams  or  feed  the  wet  slop,  with 
hay,  to  steers  chained  to  feed  troughs.  It  required  one 
steer  per  bushel  of  grain  mashed.  This  practice  of  feeding 
whole  stillage  was  purely  a  waste  disposal  method  and 
possessed  its  own  pollution,  stench,  fly  and  waste  problems. 
A  few  distillers  screened  their  stillage.  Some  sold  the 
wet  screenings  while  others  dried  the  recovered  screenable 
solids  and  fed  or  wasted  the  screened  effluent.  Those  that 
investigated  cr  tried  evaporating  screen  stillage  and  drying 
the  syrup  with  the  screenings,  that  is,  complete  stillage 
recovery  (as,  for  example,  in  the  distillery  in  Corbyville 
in  192A),  found  costs  in  excess  of  the  market  price  of  the 
recovered  feed. 

j)e  fining  the  Program 

1  In  .view  of.  the  above  situation,  the  advent  of  rejpcal 
.in  Ujo. ,  and  desires  in  both  our  countries  U  eliminate  theses 
Wastes  from  surface  streams,  a  number  of  distillers  in  Canada 
and  the  U.S,,  and  ire  are  glad  to  say  Hiram  Walker  was  & 
pioneer  in  this  field,  gave  this  project  priority.  The  feed 
value  of  the  stillage,  at  5  to  6/6  total  solids  content, 
appeared  too  valuable  t°  use  as  a  fertilizer  or  dispose  of 
as  a  waste.  Therefore,  these  lines  of  investigation  were 
soon  discarded.  The  problem  as  visualized  in  the  early 
1930 's  resolved  itself  into  the  following  four  related  but 
distinct  segments: 

1.  Develop  cheaper  methcr'sof  complete  stillage 
recovery, 

2.  Determine  the  proper  rcle3  of  distillers  dried 
grains,  and  variations  of  this  product,  in  animal 
nutrition  through  laboratory  and  feeding  experi- 
ments and  practical  feeding  demonstrations. 

3.  Promote  the  results  of  research  findings  on  the 
proper  usage  of  distillers  feeds  and  thus  develop 

a  demand  market  in  p?.ace  of  the  cheap  feed  "filler" 
category  in  which  this  product  found  itself  at 
that  time. 

4.   Justify  the  capital  investment  for  recovery  facil- 
ities and  services  which  in  the  1930's  approximated 
1,0  million  dollars  for  a  5,000  bushel  plant.  Today, 
this  investment  would  be  considerably  more. 
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»tvhi  yating  'Hie  Program 

Activating  the  above  program  required  extensive 
laboratory,  pilot  plant  and  engineering  studies,  market 
surveys  and  evaluations,  and  extensive  feeding  trials  by 
distillers,  agricultural  experimental  stations  and  feed 
mixers.  In  the  United  states,  these  studies  were  accel- 
erated by  the  formation  in  1945  of  a  Distillers  Feed 
Research  Council  sponsored  and  financed  by  a  number  of 
the  grain  distillers. 

After  many  trials  and  tribulations  and  considerable 
capital  investment,  distillers  in  Canada  and  the  United 
States  today  are,  in  the  main,  recovering  their  stillage 
to  various  distillers  feeds  for  incorporation,  by  feed 
mixers,  into  final  feeds  and  concentrates,  The  market 
developed  for  these  products  is  such  that  grain  stillage 
recovery  is  today  accomplished  at  a  profit. 

Let  us  now  direct  our  attention  to  the  developed 
uses  of  the  various  distillers  feed  products  that  are  on  the 
market  today  because,  as  in  other  endeavors,  market  accept- 
ance spells  the  difference  between  profit  and  loss  operations. 

rHst.-mgrs  Dried  Grains 

Distillers  Dried  drains,  the  dried  screenings  from 
stillage,  and  Distillers  Dried  Grains  with  Solubles,  the 
dried  whole  stillage,  find  their  main  use  as  a  bulky  protein- 
fat-vitarain  supplement  in  dairy  feeds.   This  is  due  mainly 
to  findings  that  they  increase  milk  production  beyond  that 
of  other  supplements  of  equal  or  higher  price.  Figure  2 
summarizes  an  experiment  conducted  at  Cornell  University 
which  is  a  typical  demonstration  of  this  effect.  Note  that 
an  equal  weight  of  Distillers  Dried  Grains  replaced  corn 
gluten  meal  and  soybean  meal  with  an  increase  in  the  daily 
production  of  fat-corrected  milk.  They  also  are  used  in 
lesser  tonnage  in  beef  cattle  supplements  and  to  a  limited 
extent  in  poultry  rations.  Distillers  Dried  Grains  with 
Solubles  possess  a  fat,  protein  and  vitamin  content  about 
3  tijnes  that  of  the  original  grain  because  during  ferment- 
ation only  the  starch,  amounting  to  about  two-thirds  of  the 
grain,  is  removed.  This  product  also  contains  residual 
dried  yeast. 

Distillers  Dried  Grains  possess  an  8|J  toal  digestible 
nutrient  (tdNJ  content  which  exceeds  that  of  competitive 
feeds,  such  as  soybean  oil,  corn  gluten,  cottonseed,  linseed, 
meat  and  fish  meals  and  brewers  grains. 

Figure  3  illustrates  the  value  of  distillers  grains  as 
a  supplement  in  steer  feeding.   The  steers  represented  by 
that  animal  on  the  left  side  of  the  figure  received  all  the 
roughage  and  corn  they  would  consume,  J? or  each  100  bushels 
of  corn  fed,  the  average  gain  was  47b  pounds.  The  steers 
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represented  by  Lh'J  animal  on  the  ri  -lit  we:*e  fed  80  bushels 
of  corn,  rou-he/e  in  the  s^ne  Maimer  as  the  firjfc  group 
aid  the  distillers  feeds  recovered  fusa  prccersing  the 
regaining  20  bushels  of  corn  through  the  distillery,  Jiven 
though  this  second  group  was  fed  a  lower  total  poundage  of 
feed,  the  average  gain  was  537  pounds,  or  61  pounds  over 
the  group  receiving  corn  anu  hay  (1,16).  M  -V  other  feeding 
trials  (1,8)  show  that  distillers  foods  as  a  supplement  to 
grain-hay  feeding  take  back  to  the  farm  a  higher  nutrient 
value  than  would  be  obtainable  from  the  original  grain. 

The  above  is  explainable  on  the  basis  of  balanced 
feeding,  in  an  average  livestock  and  poultry  ration  there 
should  be  about  1  pound  of  protein  for  each  6  pounds  of 
energy  foods.   In  raw  cereal  grains  there  is  less  than 
1  pound  of  protein  to  each  6  pounds  of  energy  foods. 
When  cereal  grains  such  as  corn  are  fed  without  supplements, 
part  of  the  energy  producting  food  —  the  starch  arid  fat  — 
is  H&nteg  in  oruer  that  the  animal  may  get  the  necessary 
quantity  of  protein,  vitamines,  etc.  Supply  of  these  hlr^h 
protein  feeds  is  limited.  The  distilling  industry  helps 
alleviate  thi:?  shortage  by  making  high  protein-fat-vitamin 
concentrates  froai  grain.  Grain  distillers,  therefore,  are 
truly  grain  processors  and  not  grain  wasters.  In  Canada 
and  in  the  U,o.,  since  1938,  With  the  exception  of  two  short, 
heavy  production  periods,  the  price  of  distillers  grains  has 
exceeded  the  price  of  corn  •  r  a  per  ton  basis,  and  rightly  so 
from  a  nutrition  point  of  view. 

Distil le rs  Dried  Solubles 

Hiram  Walker,  through  its  research,  was  the  first  to 
produce  and  market  Distillers  Dried  Solubles  (U.S.  in  1939; 
Canada  in  1952),  This  product  is  now  produced  by  a  number  of 
other  distillers. 

Distillers  Dried  Solubles ,  the  evaporated  and  drum  dried 
portion  of  stillage  which  is  a  concentrate  of  the  solubles 
from  the  grain  aad  yeast,  finds  its  main  use  in  poultry, 
turkey,  swine,  calf  starter  and  grower  mi;:ed  feeds  and  concen- 
trates. In  addition  to  its  semi-predigested  nutrients  from  the 
fermented  grains,  it  contains  noteworthy  quantities  of  the 
w^ter-soluble  vitamins  from  the  grain  and  from  the  yeast  used. 
It  ia  low  (2,<0  in  crude  fiber  content.  Distillers  Dried 
Solubles  are  also  being  used  in  pet,  furbearing  animal,  fish 
and  beo  foods, 

Distillsrs  Dried  solubles,  as  a  protein-vitamin  supple- 
ment, stretch  materials  in  short  supply  and  /  or  more  expensive 
ingredients,  such  as  dried  milk,  dried  whey,  meat,  fish  and 
yeast.  It  has  been  found  especially  useful  in  modern  high 
vegetable  protein  (low  animal  protein)  rations  which  basically 
are  low  in  certain  nutritional  factors. 

Figure  4  illustrates  one  of  many  feeding  experinents  on 
the  use  of  Distillers  Dried  solubles  in  pviiafi  rati  ens. 
Increased  gains  secured  by  incorporating  dried  bolubles  in 
feeds  for  sows  and  pigs  from  weaning  to  market  weight,  with 
resultant  lower  unit  feed  consumption,  has  been  proved  many 
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times  in  the  feed-lot  under  general  farm  conditions. 

Distillers  Dried  Solubles  has  been  shown  to  contain 
demonstrable  (by  feeding  tests)  but  as  yet  chemically 
unidentified  growth,  reproduction  and  lactation  factors 
(1,3,8,10,12,13,14,17).  Since  its  introduction,  Distillers 
Dried  Solubles,  with  a  few  exceptions,  has  sold  over  the 
price  of  Distillers  Dried  Grains  and  corn  but  well  under 
competitive  supplements,  such  as  dried  milk  products,  meat- 
scrap,  fish  products >  yeast,  etc. 

Other  Studies 

Studies  have  been  reported  on  the  effect  of  using 
various  grains  and  manufacturing  processes  on  the  physical 
properties  and  chemical  and  vitamin  content  of  distillers 
feeds  (4,5,6,7) .  The  role  of  these  products  in  producing 
balanced  poultry  and  livestock  rations  has  been  covered  in  a 
number  cf  publications  of  the  Distillers  Feed  Research  Council, 
Inc.,  of  1232  Enquirer  31dg.,  Cincinnati,  Ohio,  and  elsewhere 
(1,2,5  B; 10. 12, 13, 16). 

Production  Tonnageg 

The  production  of  distillers  feeds  in  Canada  and  the 
U.S.  in  recent  years  is  summarized  in  Table  1.  No  annual 
data  are  available  on  the  production  of  wet  distillers  feeds 
in  the  U.S.  but  a  survey  in  1949  showed  that  of  all  grain 
stillage  produced.  8}%  was  recovered  as  dried  feeds,  14$  was 
fed  wet  and  only  1%  wasted  (4,5).  By  1953,  however,  the  U.S. 
data  on  grains  used  and  dried  distillers  feeds  recovered  show 
an  average  of  16  pounds  of  dried  feeds  per  56  pound  bushel  of 
grain  processed..  Since  the  theoretical  recovery  is  between 
16  and  18  pounds,  depending  on  grain  used,  etc.,  one  can 
conclude  that  little  to  no  significant  quantity  of  distillers 
feeds  was  sold  wet  or  stillage  wasted.  In  1954  the  gross 
income  from  dried  distillers  feeds  in  Canada  totaled  $2,174,869 
for  37,297  tons  for  an  average  of  ^58, 31  per  ton.  Sales  of 
24,491  tens  of  wet  feeds  totaled  ^29,833  for  only  tfl.22  per 
ton  wet  weight,  or  ^17-83  per  ton  at  the  moisture  content  of 
Distillers  Dried  Grains  (il.22  x  88/6  •  $17.83),  In  other 
words,  it  has  definitely  become  profi table  to  dry  distillers 
grain  byproducts,  It  is  estimated  that  the  244,900  tons  of 
total  dried  distillers  feeds  produced  in  the  U.S.  in  1954, 
a  low  production  year,  brought  a  gross  income  of  about 
4-18,000,000  for  an  average  of  about  ^74.00  per  ton,  f.o.b. 
distillery. 

Additional  Use3  for  Stillage 

For  years  frain  distillers  have  used  stillage  as  a  yea;t 
growth  stimulant.  This,  along  with  the  fact  that  may  micro- 
organisms grow  well  in  stillage,  directed  attention  to  the  use 
of  stilla/je  and/cr  Distillers  Dried  Solubles  ao  a  medium  for 
the  biological  production  of  certain  chemicals.  Today, 
Distillers  Dried  Solubles  is  a  common  constituent  in  media  for 
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the  production  of  certain  antibiotics  and  biologicus.  >is  a 
result  of  a  number  of  years  of  study  in  the  Hiram  talker  Central 
uesearch  Stepartriontj  a  tillage  wts  first  reprocessed  cr,  as  we 
call  it  in  Peoria,  re fermented  to  new  products  in  a  small  plant 
built  in  1950,  The  first  products  to  reach  the  commercial  stage 
were  a  series  of  riboflavin  feed  supplements.  Figure  5  briefly 
outlines  the  process  by  which  riboflavin  concentrate  is  produced 
in  submerged,  aerobic  f en  mentation  equipment  in  Hiram  Walker*  s 
new,  larger  Vitamin  lOant  placed  in  operation  in  January  1954. 
Laboratory  and  commercial  studi-JS  also  have  been  conducted  on 
the  production  of  fungal  amylase  a3  a  sac  deification  replacement 
for  barley  malts.  This  process  appears  to  be  feasible, 

Table  2   summarizes  the  commercialization  of  products  from 
8 tillage  at  our  Peoria  plant  as  they  have  been  developed  over  the 
past  16  ysars. 

ftyimriArv 

The  processes  for  manufacturing  the  various  distillers  feeds 
have  now  become  satisfactorily  efficient  and  the  market  has  been 
sufficiently  developed  to  make  their  production  a  profitable  opera- 
tion, Use  as  supplements  in  mixed  feeds  has  kept  pace  with  produc- 
tion except  during  exceptionally  high  ilcchol  production  periods. 
During  low  production  periods  there  is  a  great  demand  for  distillers 
feeds,  because  replacements  are  usually  in  short  supply  and  more 
costly.  The  modern  distiller  is  constantly  striving  to  get  the 
best  alcohol  and  feed  yields  possible  from  the  amount  of  grain 
processed,  There  exists,  therefore,  a  definite  profit  incentive 
for  pollution  abatement  through  total  stillage  and  waste  reclamation. 

In  conclusion,  during  the  past  25  years  we  have  seen,  through 
the  application  of  the  various  sciences  and  marketing  procedures, 
the  main  distillers  waste,  namely,  stiilage,  converted  from  an 
unpopular  and  unprofitable  waste  tc  a  series  of  demand  feed  supple- 
ments, the  recovery  and  marketing  of  which  is  profitable  to  the 
distiller.  This  change,  along  with  ether  intra-plant  changes, 
also  means  that  this  pollution  load  has  been  taken  out  of  our 
surface  water  resources.  Distillers  are,  i nd  we  think  rightly 
so,  vary  proud  of  their  contribution  to  cleaner  streams  and  to  the 
feed  and  food  economy  of  our  two  nations. 
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TABL2  2 
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DIFFUSION  CHARACTERISTICS  OF  TTO  ST.    LAWITCNCE  RIVER 

AT  MAITLAND 


by 
F.  A.  Roid 
Du  Pont  Company  of  Canada  Limited 


Introduction 

Between  1951  and  1953,  Du  Pont  Company  of  Canada 
Liraitod  purchased  a  lr.rgc  site  fronting  on  the  St.  Lawrence 
River,  noar  Maltlrnd  Ontario,  rnd  constructed  0  plant  for 
tho  manufacture  of  the  two  basic  ingredients  from  which 
nylon  yarn  and  staplo  fibro  arc  made.   Soloction  and 
acquisition  of  this  site  rocognizod  that  the  Du  Pont  Company 
of  Cmada  would  likely  manufacture  other  itoms  at  that 
location,  and  one  stop  has  already  boon  taken  in  this  dir- 
ection by  tho  current  construction  of  a  plant  to  manufacture 
"Frecn" . 

Time  and  a  considerable  amount  of  monoy  wero  spont 
to  assure  that  noithor  pollution  of  the  river  nor  of  tho 
atmosphore  would  result  from  our  manufacture.  To  this  end, 
Dr.  Ruth  Patrick  of  the  Philadelphia  Academy  of  Natural 
Sciences  carried  out  a  survey  of  the  m-rinu  lifo  in  the 
river  at  this  point,  and  the  Ontcrio  Research  Foundation 
under  Dr.  A.  E.  R.  V/cstman  was  engaged  to  perform  tost 
work  on  existing  air  pollution.  Dr.  Morris  Katz,  our 
Ganr.dlrfl  air  pollution  consultant,  guided  the  test  program 
and  activities.  Similar  surveys  -re  intended  for  tho  futuro 
to  ensure  th-^t  no  adverse  effect  results  from  plant  location. 

Most  chemical  plants  have  waste  streams  which  cannot 
be  employod,  initially  at  least,  in  tho  manufacture  of  by- 
products. At  Maitland  Works ,  small  amounts  of  certain  wastes, 
suitably  treated  at  considerable  expense,  have  been  routed 
through  an  eight-inch,  one  thousand  foot  stainloss  steel 
lino  laid  at  the  bottom  of  the  river,  to  be  released  for 
disporsion  in  deop,  rapidly  moving  water. 

During  tho  summer  of  1954,  a  program  was  initiated 
to  establish  tho  characteristics  of  the  dilution  of  this 
particular  effluent  throughout  the  water  in  tho  St.  Lawrence. 
The  object  was  not  only  to  confirm  that  conditions  in  the 
river  wero  satisfactory  to  health  authorities,  but  to  gain 
general  knowledge  of  tho  diffusion  which  exists  at  that  point. 
Such  information  was  important  to  the  dosign  of  future  man- 
ufacturing facilities  at  this  si to.  This  tost  work  proceeded 
through  June  and  July  and  at  the  end  of  July,  little  infor- 
mation had  been  obtained  except  that  it  had  been  established 
beyond  any  doubt  that  the  running  of  tests  in  a  river  such 
as  ttu  St,  Lawrence  was  an  extremely  difficult  task. 
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Typical  of  the  diff icultios  encountered  was  a 
mischance  which  occurred  when  an  aircraft  and  two 
occupants  were  engaged  to  obsorvo  and  photograph  disper- 
sion of  highly  visible  fluorescein  dye  released  under 
certain  conditions  at  the  outfall.  Ground  parties  wore 
equipped  with  portable  radio  and  tests  had  previously  been 
run  to  vorify  that  communication  with  tho  sot  installod 
in  the  plane  was  possible  In  the  interval  between  this  chock 
and  tho  tost  day,  made  necessary  by  inappropriate  weather, 
the  radio  set  in  the  piano  was  removed  and  another  substituted 
which  could  not  bo  tunod  to  the  same  wave  length.  As  e  result, 
the  piano  arrived  half  an  hour  early,  and  followed  and  photo- 
graphed a  completely  valueless  preliminary  release  of  dye. 

After  several  such  tests  had  failod  to  yiold  dosired 
results,  and  with  fall  approaching,  it  was  decided  to  plan  one 
much  more  elaboroto  tost  than  any  yet  attempted,  and  make 
every  possible  provision  to  ensure  successful  results. 

If  the  experience  gained  in  tho  preliminary  work 
and  during  the  test  itself  could  be  summarized  in  a  single 
theme,  this  theme  would  be:  "Detailed  Planning  is  required". 
Bocauso  this  ontlro  tost  was  conceived  and  carried  out  in 
loss  than  one  month,  certain  initial  work  was  necessarily 
abbreviated,  but  no  effort  was  spared  to  ensure  that  tho  test 
itself  would  not  bo  jeopardized  through  lack  of  preparodnoss . 

Initial  Planning 

In  tho  basic  planning  for  this  tost,  it  was  rocognized 
at  an  early  date  that  the  location  of  the  stainless  steel 
outfall  was  not  accurately  known  end  this  would  have  to  bo 
determined  and  a  record  kept  for  any  future  tost.  Consider- 
ation of  soveral  alternatives  indicated  that  tho  only  fool- 
proof method  of  locating  this  outfall  was  to  do  so  through 
the  use  of  a  diver. 

With  this  point  established,  tho  remainder  of  the 
test  was  designed  to  derive  as  much  value  as  possible  from 
tho  presence  of  a  diver  at  tho  bottom  of  tho  river. 

Bocauso  tho  assembly  of  test  personnel  was  expensivo 
and  difficult,  it  was  hoped  to  comploto  tho  work  in  a  max- 
imum of  two  days  pnd  if  possible,  in  one  day. 

The  first  step  in  organizing  the  tost  was  to  consult, 
as  far  as  practical  in  the  limited  timo  available,  as  many 
specialists  on  the  subjects  of  river  flow  and  prevention  of 
stream  and  lake  pollution  as  possible.  Advantage  was  taken 
of  the  Company's  association  with  E.I.  du  Pont  do  Nemours  A 
Co.  Inc.,  and  preliminary  rnd  reasonably  complete  discussion 
of  the  major  test  techniques  was  held  with  Dr.  Borry,  A.  V. 
DeLnporte  and  o..  V.  Ball  of  tho  Ontario  Department  of  Health, 
and  with  Dr.  Patrick  in  Philadelphia.  At  this  timo  also, 
tontativo  arrangements  were  made  for  attendance  at  the  tost 
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by  a  representative  of  Dr.  Berry's  Department ,  Ono  of  tho 
main  trrgots  in  those  discussions  was  to  ler.rn  of  existing 
techniques  which  could  bo  used  r.nd  to  dctormine  whr.t 
additional  information  beyond  tho  imod.into  answers  required 
could  bo  obtrinod  et  the  samo  time  with  n  minimum  of  addit- 
ional cost  and  effort. 

At  tho  conclusion  of  this  preliminary  work,  it  was 
considered  that  the  major  structure  of  tho  test  would  com- 
prise tho  following  itoms:- 

(c)   Location  of  outfall  by  tho  divor  and 
description  of  the  appearance  and  path 
taken  by  the  effluent  (dyod  so  as  to  be 
visible)  after  its  emergence. 

(b).  Triengulation  of  the  outfall  position 
for  any  future  work. 

(c)  Determination  of  dilution  at  various 
distances  down-stream  from  the  outfall 
by  a  total  of  3  techniques :- 

(1)  Direct  measurement  by  conduc- 
tivity motor  probo  hold  by  diver 
in  tho  trrco  (of fluent  was  an 
eloctrolyto ) , 

(2)  Chcmicil  measurement  performed 
on  I*  "juid  srmples  taken  at  same 
location  and  time  as  the  conduc- 
tivity reading  (sucked  up  through 
garden  hose) . 

(3)  Calculation  based  on  effluent  and 
river  flow  rates  and  measurement 

of  dimensions  of  traco  by  the  diver. 

Final  Planning  and  Test  Preparations 

Following  initial  contacts  i nd  discussions,  a  pro- 
liminnry  test  plan  was  lr.id  out.  This  was  discussed  with  the 
M>- it  land  personnel  who  had  carried  out  previous  tests  in  tho 
river  --nd  with  Mr.  W.  Vinor,  the  engineering  representative  of 
the  diving  firm  (A. F..  Simpson,  of  Brockvillo,  Ontario). 

Tho  importance  of  this  step  cannot  be  ovorstressed . 
Mr.  Vinor  appreciated  most  fully  the  problems  involved  end 
the  need  for  comprehensive  planning  rnd  he  contributed  in  a 
greet  degree  to  selection  of  final  test  techniques.   He  was 
in  a  position  to  specify  floating  plant  requirements,  end 
to  force "St  problems  which  would  be  encountered  in  anchoring 
a  barge  close  to  tho  traffic  lane  in  tho  rivor,  the  degree  of 
visibility  likely  to  be  experienced  at  the  bottom  of  the  river, 
end  the  need  for  devices  to  guido  the  diver  in  the  area  of  the 
test. 
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Following  major  rovision  of  tho  original  outline, 
tho  proposod  progrnm  was  discussod  with  all  test  personnel, 
drown  mainly  from  our  Company's  Engineering  Dopnrtmont 
in  Montreal, 

A  secondary  discussion  wrs  thon  hold  with  tho  Maitlr.nd 
porsonnol  nnd  Mr.  Viner.  At  this  point,  drawings  of  rll 
pieces  of  equipment,  together  with  a  schedule  for  their  prep- 
aration raid  testing,  wore  roloosod. 

Groat  importance  was  attachod  to  tho  provision  of 
spores  for  certain  essential  tost  oquipmont.  Typical  of  the 
results  achieved  wore  two  sourcos  of  power  for  e  conductivity 
motor  which  was  employed  and  tho  ultimate  provision  of  four 
portable  generators  on  the  barge  to  supply  power  to  tr.po  re- 
cording equipment,  underwater  light  and  P. A.  systom. 

Sketches  were  made  of  tho  barge  showing  allocation 
of  space  to  tho  diving  crew  and  to  the  test  crew  and  the 
position  of  all  test  equipment  was  established.  On  completion 
of  this  work,  n  description  of  the  entire  tost  was  issued, 
covoring  the  duties  of  all  porsonnol,  sequence  of  events, 
and  scheduled  times  for  significant  stops. 

An  additional  preliminary  technique  was  employed  when 
tho  group  loader  of  each  test  coll  was  required  to  submit  an 
outline  of  his  phase  of  the  work,  together  with  his  shoots 
for  recording  of  date  and  graph  paper  prepared  to  allow 
plotting  of  results  as  thoy  would  be  obtained  during  tho  test . 

It  was  nocossory  to  arrange  contacts  with  all  key 
porsonnol  to  allow  postponement  of  tho  test  which  was  scheduled 
for  Monday  August  JO,  in  ceso  of  bad  weather,  and  all  porsonnol 
were  instructed  to  report  to  tho  Hotol  Mnnitonna  in  Brockvillo 
at  8:00  P.M.  on  Sunday  evening  prior  to  the  tost. 

On  tho  Saturday  prior  to  tho  tost,  heavy  equipmont  wns 
loaded  on  the  test  barge  west  of  Brockvillo  and  it  was  moved 
over  tho  wook-ond  to  the  Company  dock  at  Maitland ,  Final 
chocks  of  tho  construction  and  adoquacy  of  all  test  oquipmont, 
calibration  of  tho  conductivity  motor  and  chock-running  of  the 
sample  suction  pump  wore  carriod  out  at  this  timo , 

On  Sunday  night,  all  porsonnol  were  present  including 
tho  divor  (Mr.  Arthur  Simpson)  and  Mr.  Vlner,  to  be  coordinator 
of  tho  diving  effort,  together  with  C.  E.  Simpson,  representative 
of  the  Ontario  Department  of  Health.  Test  procedures  wore 
again  reviewed  in  detail  and  final  revisions  were  mrde  and  ro cor- 
ded on  individual  copies  in  writing.   Some  shifts  in  the 
essignmont  of  porsonnol  to  the  boats  were  found  necessary  at 
this  point  in  order  to  assuro  that  ell  members  of  thoso  crows 
woro  experienced  in  handling  small  craft. 
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Sketch  No.  1  shows  tho  genorol  eroa  of  the  test  and 
Sketch  No.  2  is  n  more  detailed  presentation  of  the  tost 
area  and  tho  immediate  shore  lino,  showing  proposed  barge 
end  test  positions.  Tho  following  sections  will  clarify 
the  points  which  arise  upon  inspection  of  these  sketches. 

Test  Organization 

Tho  organization  of  the  tost  group  was  as  follows: 
Tost  coordinator  was  myself,  located  on  the  barge.  A  main 
log  recordor  was  riso  located  on  the  bargo.  His  entire 
function  was  to  soo  that  all  watches  wore  synchronised  and 
thet  all  significant  happenings  wero  recorded.  This  technique 
bocamo  extremely  valuable  in  the  cftornoon  of  the  test  when 
it  was  nocossery  to  estimato  diving  time  on  tho  second  dive, 

A  shore  party  coordinator  was  located  at  the  shore 
"walkie-talkie"  at  the  last  manhole  on  the  effluent  line. 
Two  instrument  men  wore  assigned  to  instruments  located  on 
the  permenont  monuments  at  the  shore  line , 

One  man  was  assigned  to  measure  the  flow  of  effluent 
to  tho  line  end  to  ensure  as  far  as  possible  that  the  compos- 
ition and  quantity  of  this  effluent  did  not  vary  too  greatly 
throughout  the  test  period.  Prior  arrangements  had  been  made 
with  tho  Production  Department  of  the  plant  that  such  con- 
ditions would  likely  be  maintained  during  the  test  day.  One 
men  was  assigned  to  control  and  moasuro  tho  addition  of  fluor- 
escein dye  at  procalculatod  rates  into  tho  effluent  through  a 
manhole  several  hundred  foot  up-stream  of  the  lest  manhole. 
He  also  measured  temperature  of  the  effluent  at  tho  last  men- 
hole  and  took  samples  ct  this  point  at  twenty  minute  intervals. 

Two  boat  crows  comprising  two  men  oach  were  used  and 
these  men  wore  employed  on  the  berge  in  intorvals  between  boet 
work  and  to  provide  transportation  between  barge  and  shore. 
One  man  was  assigned  to  tho  "walkie-talkie"  on  the  berge  end 
to  aid  in  conductivity  meter  operation.  One  was  assigned  to 
operation  of  the  sample  pump  on  the  berge  and  one  to  conduc- 
tivity meter  operation. 

All  personnel  carrying  out  repetitive  functions 
synchronised  watches  with  that  of  the  main  log  recordor  end 
logged  all  significant  occurrences.  Throughout  the  test, 
F.  A.  Communication  wes  maintained  between  W.  Vinor  and  tho 
div^r  end  both  conversations  wore  ro corded  on  a  tape  recorder. 
In  eddition,  tho  mein  log  recorder  periodically  orally  roported 
tho  time  on  tho  recorder. 

Total  test  personnel,  including  five  from  tho  diving 
firm,  amounted  to  twenty  people,  of  whom  approximately  fifteen 
wero  graduate  engineers. 
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Tost  Procedures 

Prior  to  tost  day,  survey  prrtlos  established  the 
absoluto  location  of  the  nowly  constructed  permanent 
monumonts  and  from  drawings  covoring  the  design  of  tho 
offluont  lino,  calculated  instrument  readings  to  be  usod 
in  triangulating  tho  estimated  position  of  tho  outfall. 
A  dry  run  involving  e  singlo  boat  crew,  which  would  on 
test  day  position  a  mooring  buoy,  was  made  to  determine 
difficulties  to  bo  encountered  and  to  ostoblish  a  rough 
schodulo  on  this  phaso  of  tho  test,  as  it  was  considered 
to  bo  ono  of  tho  most  significant  and  difficult  tasks. 

Tho  tost  prrty  assemblod  at  the  main  gate  of  tho 
plant  et  5:30  A.M.  Tho  wocthor  was  ovorcast  and  a  light 
oast  wind  was  raising  light  waves  on  tho  rivor.  Tho  shoro 
and  boat  parties  immodiptoly  commenced  work  necessrry  to 
position  a  marker  buoy  at  tho  estimated  location  of  tho 
outfall.  Tho  romaindor  of  tho  porsonnol  obtained  test 
equipment  and  sot  it  up  on  shoro  or  located  it  suitably  on 
tho  barge , 

The  marker  buoy  was  successfully  positioned  at 
approximately  7:30  and  the  bargo  was  anchored  about  40  ft. 
inshoro  of  tho  nrrkor  and  approximately  25  ft.  upstream  at 
9:00  o'clock.  The  diver  immediately  started  to  dross  and 
at  9:55  ontored  tho  water.  The  addition  of  dyo,  after*  some 
unexpected  difficulties,  was  started  at  9:50.  It  had  boon 
estimated  from  tho  effluent  flow,  lino  diameter  and  length 
that  this  dyo  would  roach  the  outfall  about  fiftuon  min- 
utes lator, 

Tho  divor  reported  on  reaching  tho   bottom  that  it 
was  hard,  smooth  and  sandy  with  little  plant  lifo,  but  with 
sovoral  fish.  Very  groat  difficulty  was  experienced  by 
him  in  locating  tho  lino.  Tho  strength  of  the  current  at 
this  point  in  the  rivor  wrs  most  unexpected.  Duo  to  its 
effoct  on  the  diver's  lines,  ho  found  it  necessary  to 
crawl  on  hrnds  t nd  knoos  at  any  time  when  ho  wished  to 
movo  upstrorm.  The  depth  had  previously  boon  measured  at 
46  ft.,  and  tho  barge  wrs  close  to  thj  odgo  of  tho  traffic 
lano  in  tho  rivor.  The  largo  wr.kos  of  passing  frcightors 
gave  considerable  trouble,  with  the  diver  being  tossed  on 
his  bade  on  one  occasion  as  a  rosult  of  tho  violont  pitching 
of  the  barge  . 

After  guidance  from  above  by  moans  of  one  of  tho  buoy 
linos  usod  lrtcr  in  tho  tost,  tho  divor  finally  found  the 
lino  35  minutes  ."ftcr  reaching  the  bottom.  His  first  acfciun 
was  to  slf.ffip  tho  outfall  buoy  lino  to  the  str  inless  lino  nt 
tho  outfall,  rnd  tho  No.  1  boat  then  tlghtoned  tho  line  on 
tho  buoy  as  much  as  possible. 

Ho  thon  doscribed  tho  conditions  at  the  outfall, 
particulrrly  the  appearance  and  path  takon  by  tho  fluor- 
oscein-dyod  offluont. 
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A  transcription  of  the  r-cturl  conversation  with 
the  divor  is  included  ft  this  point,  r,s  follows :- 

"I  think,  Arthur,  about  tho  very  first  thing  you  should 
do  now  you  are  thorc  is  to  try  and  clemp  that  clr.mp  onto 
her.  How  about  thr.t?  ....  Good  show." 

"Now  first  of  all,  what  sort  of  condition  is  the  end  of  the 
lino  in,  Art?" 

"Just  as  it  was  when  I  laid  it," 

"Good.  Now,  the  next  quostion.  Has  the  pipe  boen  lying 
in  a  siltod-in  trench  or  what?" 

"No,  in  the  clear  on  top  of  the  bottom." 

"Is  the  whole  pipe  clear  of  tho  bottom  Arthur?" 

"Yep." 

"Good.  O.K.  now  Arthur,  whatTs  the  story  about  the  dye 
as  you  see  it,  and  whore  nre  you  looking  at  it  from?" 

"I  am  on  the  upstream  sido  of  tho  pipe,  almost  at  tho  end  of 

tho  pipe.  Tho  eye  is  coming  out  approximately,  oh 

it's  on  a  curve,  curving  downstream,  end  fanning  out 

about  5  ft.  from  the  ond  of  tho  pipe  and  it's  starting  to 
funnel  out  and  at  the  10  ft.  mark  it  has  funnelled  out  to  rn 
rroa  of  about  3  ft.  in  diameter  and  the  ntream  is  rather 
elliptical,  or  round  sort  of,  more  or  lows.." 

"Hollo  Art.  This  is  Prank  Re  id  here.  Is  it  fanning  .out 
fairly  stoadily?" 

"Yos,  it  is  fanning  out  vory  steadily  and  even  in  two  or 
three  feet,  I  can  see  a  big  difforonoo  in  tho  dilution  of 
the  dye  as  it  is  coming  out  of  the  pipe." 

"Is  it  tending  to  hold  its  position  or  doos  it  appear  to  bo 
going  up  into  the  water  or  is  it  staying  horizontal?" 

"No,  it  is  rising  slowly  and  tho  angle  of  rise is  about 

2  ft.  in  15." 

"That  is,  the  anglo  of  riso  is  about  2  ft.  in  15?" 
"That's  right." 

"And  it  is  about,  can  you  tell  us  again  what  dimension 
is  it  at  10  ft.  approximately  downstream?" 

"Will  you  say  that  again?" 

"What  is  tho  dirmotor  of  the  trace  10  ft.  downstroam  from 
the  outfall?" 
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about  2  or  2£  ft.  in  dinmotor,  ncnrly  5  ft*1* 


"O.K.  then,  If  tax   as  I  fm  concerned,  you  can  attach  the 
outfall  buoy  lino." 

"O.K.  Say,  the  fish  arc  swimming  right  up  to  tho  mouth  of 
that  thing." 

"That's  good  information.   Go  ohoad." 

" I  em  shooing  then  off." 

"Have  you  got  her  nil  secured,  Art? 

"Yep,  she's  all  secured." 

"Good  show'.  " 

Time  record-  10:51 

"Arthur,    listen-   ore   you  going  to  be   able   to   see   that  trace, 
that  dyo   trace   some    50   ft.   downstream  or  will   it  bo  necessary 
to  add  more  dyo  so  that   it  will  still  bo  visible   oven  wioh 
the   dilution  that   is   taking  place  down  thorc?" 

"Yeah,    you  might  add  more   dye,    that's   right.  O.K " 

"Is   that   a   level  bottom  thoro   or  sloping  bottom,    or  any  rocks?:* 

"Ho,    nothing.      Porfoctly  levol  bottom " 

« I    enn  see   fish,    I   can  sec  plonty  of  fish As 

far  as  I    can  tell,    these   aro    ideal   conditions  for  mixing 
down  hare.      I  will  sketch  it  when  I   come  up." 

"Tho   gentlemen  here    ere   dancing  end   screaming  with    joy'. 
We  would  like   to  hoar  more   of  THAT  stuff." 


Light  reaching  the   bottom,    oven  on  tho  dull  day,    gave 
bettor  viewing  conditions,    in  his   estimation,    than  that 
obtained   from   an  undcr-wator   light   which  had   been    supplied, 
and   this   equipment  wr.s   removed  from  further  use. 

A  calibrated   thermometer  which  had   boon  attached    to 
his  equipment  was    then  used   to  riu-surc   tho   tt  mperature   pff 
the  water  one   yard  upstream  of  tho  outfall   one   of   the  effluent 
A"    Inside    the    lino.      This   thermometer  was   then  passed  up   to 
the   Ho.    1  boat. 

An  undor-wator   cnr.cra  was   dropped   to  him  by   letting 
it   slide   along  th      outfall  bu:.y  line   rrid   several  pi  stureS 
wi,rj   tak-.-n  of  the,    smcrging  effluent.      Jufcftunattiy,    fit^e 
pictures  wore   se    completely  undorexposod   as   to  bo  vdth^a4" 
vr lue  whatever. 
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Ti.-..  niK.trt^  „na  cr  ft  thousand  foot  nylon  sash  cord 
"liio   called   the  *t»eP4   lino"  was  then  druppod  to  him  and 
wea   i-^rmanontly  clampod   to   the    outfall,      /.t   this   point, 
the  divur   ".(;1!ik,.,i-.-i   f\i.%  t  .t.:ra  to  the   bargo. 

The  No.    1  boat   carrying   t*?s   roilod-up  base   lino  then 
mr.noou'vrgd   out  of  position.      Tho  No.    2  boat  swung  in  closo 
to    tho    ou*-fnll  buoy  and  prepared   to  roler.so   a  vauod   float 
device   so  dvnl  ^nod  that   its  very  large  plywood   vanoa  would 
hang  in  the   river  t.sTTuLt   ^vi'urlmc.t.ely'i  ft.   above  river 
bottom.     Tho   float  on    i.iiin  &©vlcc    nontninnd  a  flag  to   allow 
tracking  from  shore.      It  was   released   tiftor  a.lorting  the 
shore   burvoy  parties  and  on  reloase,  moved  down  the   river 
v.i.th  the    flag  duplicating  the   flow  pattern  in  the   river 
liicoly  to  be   followed  by  the   offluont.      Carefully  synchron- 
ised  triangulations  were  made   by  both   instrument  parties    at 
t'.vo-Lii  nute    inWi*wt«ls,    nlluwing   the    flow  patturn  in   the    river 
and  ltd   speod   to  bo   plottod   as   shown  in  Sketch  No.    3. 

Upon  release   of   tho   vaned  device,    tho  No.   1  boat 
moved   in  behind  it   end  proceeded  dov*ii- river  in  its  wafco, 
paying  out   the   bnso   line   as  necessary.      O.i  ra^M-^  tho 
thousand   foot  point,    tho  No.   1  boat  dropped  the  dow^t roam 
base  line   anchor  to  rhic^  tho  downstream  buoy  line  Utio.  i    ^n 
attached   and  tho  No.   2  boab  rocovorod  the  vaned  device, 
L  permanent   base  of  ruforonco,    elnsoly  approximating  the 
probable   effluo.it  pr.th/u^d   Vtmn  boon  established   for  tho 
diver's  use. 

Following  lunch,    tha   barge  wt.3  repositioned   at   a 
point   70  ft.   downstream  and   50  ft.   inshoro   of  tho   outfall 
buoy,    fluorescein  dyo   addition  was  resumed    at  triple   tho 
rate   used   in  the  morning,    and   the    diver  wont   over  the    sido 
at   2:15   carrying  one   end   of   the    1200   ft.   "fanning   line". 
Lb  the    end   of  tits   line  was   a  stainless  stool   pi  ©up  fcllowod 
wi"h  10  ft.   of   svnlnlosa  steel  wire,    and   it   carried  aluminum 
markers   suitably   coloured   and   marked  with    test   station  unic" **«•» . 
Theeo   had  been  spaced   roughly  logarithmically  at  distancos 
of  40.    100,   175,    300.   450.    and  700  ft.  from  tha  outfall  ond. 
Tho   rolled-up  portion  of  ttiis   line   required    tending  by  the 
No.   1  boat   during  its  use  by  tho  dxver.     He   located  tho   out- 
fall with  no  difficulty  and   t-.ttvr  etWohing  the   "fanning  line" 
damn,    prepared  to  receive   the    combined   conductivity  and 
sampling  line   probe.     L  vary  great  deal   of  difficulty  was 
then  experienced  in  obtaining  a  satisfactory  prime   on  the 
part  of  the    sampling  pump.     I^rty-five  minutes   elapsed   before 
this  difficulty  was  ovorcomo   and  the   sample  probe  was   received 
by  the  diver. 

He  was  then  directed  to  movo  downstream  to  tho   first 
tost   point   at  40  f",   and   holding  the   fanning  lino   at   the 
No.   1  marker,   ho  wa.:   instructed  to  pace   off  the   full  width 
of  the   trnte   pnd   comment  wh«~n   he    passed  over  the  base   lino. 
Ho  was   also  eak^d  to   09tx,«to   location  of   the   centre  point 
and   the    vertical   V.njr.'nt   of  the   *.r-""-u   <**.   t.Y»r.*s   ^j****. 
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Ho  thon  assumed  position  r.t  the  centre  lino  of  the 
trace  end  held  tho  sample  pro  bo  upstream  of  his  person 
progressively  lft.,  2  ft.  etc.  from  the  bottom,  commenting 
Ft  whet  point  on  his  person  the  pro  bo  was  being  hold.  At 
each  test  position,  the  conductivity  meter  oporator  bal- 
anced his  bridgo  and  recorded  conductivity  of  the  sample, 
allowing  interpretation  and  plotting.  The  liquid  sample  crew 
drew  off  the  estimated  hose  purge  volumo  of  liquid  and  then 
filled  a  ample  bottle.  Tho  probe  could  then  bo  moved  to  a 
new  tost  position. 

On  completion  of  the  vortical  traverse  of  the  centre 
lino,  a  traverse  was  made  on  the  horizontal  centre  line 
working  from  tho  vertical  centre  lino  inshore  with  tost 
points  one  pace  cpart.  Tho  diver's  pace  end  height  were 
measured  later. 

On  completion  of  work  at  this  station  and  inspection 
of  conductivity  motor  results,  it  was  apparent  that  dilution 
was  very  much  greater  than  had  been  oxpocted  and,  in  fact, 
concentrations  at  this  point  approached  the  threshold  of 
sensitivity  of  the  motor  {150:1).  As  a  rosult,  rescheduling 
of  further  work  immediately  became  nocessary  and  it  was 
decided  to  run  a  test  10  ft.  from  tho  outfall  and  a  third 
test  one  yard  from  the  outfall.  This  was  complotod  as 
rapidly  as  possible  because  a  very  heavy  rain  was  falling 
accompanied  by  winds  up  to  18  m.p.h.,  and  because  the  diver 
was  showing  signs  of  fatigue.  He  returned  to  the  barge  at 
4:15  and  it  was  then  moved  beck  to  the  Company  dock. 

Final  triangulation  was  made  on  the  outfall  buoy, 
the  outfall  buoy  line  was  attached  to  the  fanning  line  as 
the  buoy  was  removed  and  the  No.  1  boat  proceeded  to  shore 
paying  out  the  fanning  line.  This  fanning  line  was  left  in 
position  and  it  has  been  established  that  test  crews  can  pick 
it  up  inshore,  proceed  to  the  outfall  end,  using  it  as  an 
anchor  line,  can  blind-sample  the  effluent  trace  at  will  so 
long  as  wind  direction  is  substantially  down-river. 

General  Results 

Monitoring  samples  taken  at  tho  last  manhole  were 
measured  using  the  conductivity  meter  to  determine  the 
strongth  of  the  effluent  compared  with  that  selected  for 
instrument  calibration.  A -plot  in  time  of  this  relation- 
ship allowed  corrections  to  be  made  to  the  apparent  strengths 
of  effluent  trace  obtr.inod  during  tho  test  by  the  conduc- 
tivity meter. 

Plotting  of  vanod  device  triangulations  indicated 
that  river  speod  at  the  40  ft.  level  was  2400  ft.  per  hour 
in  a  direction  roughly  parallel  to  the  north  shoreline. 
Velocity  in  tho  effluent  line  was  calculated  at  4,280. ft.  per 
hour  end  the  starting  temperature  differential  between  the 
effluent  and  the  river  was  4.2°C.  This  differential  at 
emergence  hr.d  dropped  to  1.1°C. 
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No  appreciable  temperature  gradiont  was  found  to  exist 
in  the  river.  Surfnco  temperature  was  21.9°C  and  till  other 
readings,  taken  at  10  ft.  intervals,  were  21.7°C. 

It  was  established  that  fluorescein  dye  in  concen- 
trations of  1  in  93,000  is  completely  visible  with  :.nd  with- 
out artificial  light  on  the  bottom  of  this  river  on  a  dull 
dry.  It  was  adequately  visible  in  concentrations  of  one  port 
in  5  million  in  tho  morning  end  was  invisible  diluted  1  in 
5.4million.  In  the  afternoon,  using  m   1,000  wntt  light,  it 
wns  completely  visible  diluted  one  part  in  51  million. 

Diffusion  Results 

It  wns  intended  to  chemically  anrlysc  nil  liquid 
samples  taken  on  the  barge  as  a  check  against  conductivity 
motor  determination.  Nnavoidablo  delays  wore  experienced 
in  nrrnnging  n  satisfactory  test  and  rosults  obtained  woro 
completely  unreliable  .   Conductivity  mater  ror'.dings  at  each 
station  woro  plotted  and  dilution  at  the  centre  line  of  tho 
traco  at  ench  of  tho  throe  tost  points  wr.s  calculated. 
(Soo  Skotch  No.  4) 

Knowing  the  rnto  of  flow  in  the  river  r.nd  in  +  hc 
effluent  lino-  assuming  the  effluont  trr  cc  wr.s  r.t  all  times 
elliptical  in  cross-section  r nd  using  tho  dimensions  of 
this  trace  as  taken  from  the  divert  description  on  the  tape 
recordor  -  it  wr.s  possible  to  calculate  dilution  at  each  of 
the  tost  points. 

Skotch  No.  5  attempts  to  portray  tho  path  taken  by 
tho  effluent,  and  is  based  on  tho  diver's  recorded  descriptions 
r rd  answors  to  questions  posod  him  whon  ho  returned  to  the 
surface . 

Tho  rosults  of  thoso  two  methods  of  determining 
diffusion  are  as  follows: 

Distanco  Below  Diffusion-  Minimum  rt  Diffusion-  Average 
Outfall   Foot   Centre  of  Trace  by     by  cnlculation  of 
Conductivity  Motor     areas  and  flows 

3  2.3:1  2.2:1 

11  20.5:1  27.5:1 

40  145:1  145:1 

These  points  rro  plotted  on  Skotch  No.  6  and  the 
remarkably  good  agreement  between  the  two  techniques  is 
evident. 


SCCnOfl     '.J    rK  jw     ~s  ■!>*■•-'. 


a  i 


/  /  /  t    t  /    /l^MV  *   ^      X   '    A\\NVN.S.W    /   X    '    ?  y"-   <   ^\^V V/V     /  ■">*  <\ 


'■IW7: — h 


400-1 — 


T-t- 


StcnOW  5f*';fi    jlj-f^ll      u,l,_-  ,:j [.._  j.~ 


I 


DlLUT'  -,m  feT      i 


Mit :  i        ,v  .3  ;■_ 


400 


r-1-f- 


P 1 0  T    '  F  Z  '  L' J  r  1 0  lv  S 
r,lPr;J'-:£C     "COM    SARCsI 
/   ]    ,'1-jIjC   CONDUCTIVITY    MiTiR 


-I.  4- 


H/+-4 


__NUJ 


Fc?T  mCOV^   BCT'C" 


-JT  £  i 


2G0 


41 J  1/1  |  f 

n 


-■----• -*H- 

i    i 


4 


1        I 


•-+ 


-H 


FiLET  AflO/E    BO~  "0*1 


5C*L~CH  no. 4 


■  N;:HORf 


r/r 


A  JC 


?..J0 


i  00 


"EST  (M$HO*£    0*   4    T^&r£ 


. 

1 

!  i 

i#rf. 

r 

L_  L 

* 

i 

1 

; 

I 

■ 

1 

1 

i    i 

- 

1 

! 

e.       s       o 


E.FFLUEMT  S-cED   IN 


MOfitZCMTAU    &M§  VERTICAL    S£CTt©WS 
THROUGH  Vi5*6'JE   £cF-._.jFn  fQACS. 


\ 


*""    Bas'Z  l.tt*J 


ARE.    P'loyiABLv 


t 

1 


DEPRESS tON  K>ftwt£Q        — > 
-Mv  5  ^  j  |^rj  c  p  p-^3 1 T  £  0  BY  E  F  f  L  *Jf  ^,T 


*■.-• 


■'-   \ 


R>V£R  BOTTOM  MDEP**«  -iafc') 


"77—7-7-7— TZ-*-  TrTT7777r 


10 


J__I 


20  30  40  50 

I    ■   i   I   1    I   I    I   I   I    I   I    I  1   I   I    I   I   I 

DISTANCE    SEU.T*    C.UTFA^l        1-tET 


3CE.TO-'    MO.  5 


OlLUTiON    OP 


SFF 

*• 

- '-  - 

j 

i 

0 

DY£  Si.l'-K    7  > 

s    \ 

i 

0\ 

1     

0 
0 

\ 

■" 

0 
0 
0 

RcU-TiOki   S£fW£EiM 

dilution  and  i^jtamce 

0 
0\ 
0 

\ 

1000' i 

0 

r* 

* 

— 



> 

i 

1 

i 

i 

1  OA  ■  t 

i 

H 

• ■    i 

i 

* 

I     1 
!     ! 



j 

i 

— — — 

i 

!                    i 

h-- 

1 

1 j 1 

j         } 

i             i 

1 

4 

p. 
v;T\' 

\ 

rf 

1 

Oev  coKt>vX-Ti 

I 

r 

i 

' 

&  BY  AEEA5,  Fi.C.w&  J 

i                                    i 

10'  1 

s:  i 

?!    1 

jf 

1 

! 

1 

A  .   1 

i  :  i 

oisTAfjce 

i        | 

D0WM5TR.EAM    H£C 
1                      1             I 

| 

cyjTFAtL  -peer 
j 1 

i 
i 

ICHiTCH    MO  5 

<■      * 


«0  (<J        <tf.         '!">> 


I'JO'J 


-  118  - 

Extrapolation  to  the  100  ft.  point  (500;1)  seems 
justified,  and  consideration  of  one  of  the  closing  incidents 
of  the  test  may  allow  still  wider  extrapolation:-  The  No. 2 
boat,  on  picking  up  the  base  line  dovnstream  buoy,  observed  a 
dye  slick  in  the  water  at  the  thousand  foot  point.   If  it 
is  assumed  that  this  was  evidence  that  the  effluent  trace 
completely  filled  the  river  vertically  at  this  point  and  the 
ratio  of  its  long  axis  to  its  short  axis  remained  constant, 
it  can  be  calculated  that  the  dilution  at  thst  point  was  in 
the  order  of  H, 000:1.   It  is  interesting  to  see  that  this 
point  plots  quite  nicely  on  a  continuation  of  the  graph  of 
dilution  versus  distance. 
Discussion  of  Results. 

The  unusually  high  rate  of  dilution  was  completely 
unexpected.   Perusal  of  all  available  existing  information 
allowed  an  estimate  before  the  test  that  dilution  at  the 
thousand  foot  point  might  lie  somewhere  between  18:1  and  5-:l. 
It  was  quite  evident  from  the  diver's  comments  that 
conditions  for  rapid  mixing  were  optimum  <it  this  location 
in  the  river.   It  is  thought  that  the  high  dilution  rate 
can  be  linked  with  the  absence  of  any  temperature  differential 
in  the  river  as  it  is  believed  tlirt  this  absence  is  fairly 
clear  indication  that  the  river  water  is  intermixing 
completely  from  top  to  bottom  under  the  flow  conditions  that 
exist. 
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TWO  Y^ilta  OF  AIR,  POLLUTION  SURViflC  IN  SaHNIa 


By 


B.   C.  NEWBURY,   B.   Sc.,   A.R.I.C. 


Research  Fellow 
Department  of  Chemistry 
Ontario  Research  Foundation 


Last  year,  two  papers  to  this  conference  (1,2)  outlined 
the  history  and  organization  of  the  Samia  Project,  Continu- 
ous data  for  a  period  of  over  two  years  are  now  available, 
and,  while  much  remains  to  be  done,  especially  with  reference 
to  the  organic  and  minor  pollutants  in  the  air,  it  is  possible 
to  discuss  a  pattern  for  the  major  pollutants  in  the  Sarnia 
basin  and  to  compare  these  findings  with  data  published  for 
other  cities.  It  is  too  early  to  assess  the  effects  of 
changes  made  by  local  industry  which  has  invested  over  four 
million  dollars  in  pollution  control  devices  during  the  short 
life  of  the  investigation.  During  the  two  year3  under  review, 
industrial  production  has  increased  and  the  weather  patterns 
of  the  two  years  are  far  from  identical.  In  fact,  we  have 
reliable  evidence  from  other  sources  that  the  meteorological 
conditions  alone  resulted  in  significantly  lower  pollution 
levels  in  1954  compared  with  1953 «  Any  reduction  in  pollution 
levels  at  Sarnia,  therefore,  during  1954  cannot  at  this  stage 
be  accredited  to  the  work  of  the  pollution  Subcommittee  although 
a  simple  addition  of  the  amounts  of  pollution  suppressed  by 
various  means  leaves  no  doubt  that  without  the  efforts  of  the 
Subcommittee  conditions  would  have  been  much  worse. 

Figure  1  is  a  general  map  of  the  Sarnia  area  showing 
the  geographical  distribution  of  the  various  areas  -  industrial, 
commercial  and  residential. 

Figure  2  shows  the  location  of  sampling  stations  to 
which  we  shall  refer  from  time  to  time  during  the  discussion 
of  our  findings. 

Eustfall 

Justfall  is  one  of  the  most  widely  measured  types  of 
pollution  mainly  because  of  the  simplicity  of  the  equipment 
required,  .ilmost  any  type  of  vessel  can  be  (and  has  been)  used 
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to  collect  the  falling  dust,  and  no  attempt  at  standardiza- 
tion or  correlation  of  the  results  has  been  made.  The  data 
collected  are  thus  only  of  value  in  comparing  areas  where 
similar  eruipaent  and  similar  techniques  have  been  used, 
althou'-h  i^ny  of  the  data  have  been  published,  details  of 
lis  collection  are  usually  omitted  and  inter-city  comparisons 
arc  meaningless.  The  collectors  used  at  3arnia  are  copies 
of  a  collector  develoned  for  the  Detroi  Windsor  Survey  as 
a  result  of  wind  tunnel  experiments  and  the  oarnia  results 
are  comparable  with  those  published  for  Windsor  and  Detroit. 
In  order  to  extend  tne  usefulness  of  the  data,  parallel 
exposures  of  the  Detroit  Can  and  the  Toronto  Funnel  Collector 
are  being  made  at  oarnia  and  Toronto  and  a  sample  can  has 
been  sent  to  England,  where  it  will  be  exposed  alongside  the 
English  Collector.  If  it  should  nrove  possible  to  obtain 
reliable  correlation  factors,  many  more  comparisons  will 
become  possible,  at   present,  a  limited  nui.iber  of  results 
indicate  tha ,  the  Toronto  Collector  gives  values  which  are 
less  than  40*  of  the  values  obtained  with  the  Detroit  Can. 

Figure  3  shows  the  distribution  of  dustfall  over  the 
Oarnia  area  for  thetwo'-year  period.  Flotting  the  two  years 
separately,  we  find  that  the  averages  in  the  industrial  area 
were  90  and  114  tons/square  mile/  month  for  1953  and  1954 
respectively,  while  the  comuercial-residential  area  average - 
were  56  and  52  tons/square  mile/month.  It  is  assumed  that 
differences  in  meteorological  conditions  must  be  responsible 
for  the  increase  in  the  industrial  area  with  a  simultaneous 
decrease  in  the  residential  area. 

The -Isopletha  in  Figure  3  are  drawn  at  25-ton  intervals 
but  no  significance  snould  De  attached  to  the  choice  of  these 
intervals  which  are  purely  arbitrary.  The  industrial  area  is 
seen  to  vary  from  heavy  to  moderately  heavy  pollution,  and  the 
dustfall  decreases  steadily  out  towards  Lake  Huron  and  the 
London  ^ad  areas  where  dustfalls  of  less  than  50  tons/square 
mile)month  were  recorded.  The  continuation  of  the  50-ton 
isopleth  northwards  to  include  Front  and  Christina  Streets  is 
an  indication  of  well-defined  local  sources  in  this  area.  For 
comnarison,  i.indsor  is  reported  to  have  dustfalls  of  69  tons 
in  the  business -residential  areas,  falling  to  28  tons  in  the 
semi-rural  residential  areas. 

The  monthly  variation  of  dustfall  over  the  two-year 
period  is  shown  in  figure  4.  *  feature  of  this  curve  is  the 
spring  peak  which  appears  to  be  a  common  phenomenon _ for  Ontario. 
Normally,  there  is  a  winter  maximum  due  to  the  heating  load  in 
cold  weather  and  a  summer  minimum,  although  the  difference  is 
less  marked  in  areas  using  natural  gas  or  oil  heating  than  in 
areas  using  predominantly  coal  heating.  Dividing  the  year  into 
four  3-..ionth  seasons,  we  find  the  quarterly  dustfall  rates, 
starti:ig  with  the  December-February  period,  to  be  30,  ^5,  34 
and  1?  tons  respectively.  The  first  period  is  the  nesting 
period,  the  second  and  fourth  periods  are  periods  of  adverse 
weather  conditions,  while  the  river  shipping  is  substantially 
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constant  during  the  last  three  periods*  There  is  at  present 

no  logical  explanation  of  these  observations  although  the 

same  pattern  lias  been  observed  at  Windsor,  Detroit  and  Toronto, 

Analyses  of  the  dust  collected  shows  that  the  bulk  of 
the  deposit  is  mineral  ash  (15-30  tons),  followed  by  combust- 
ible matter  (6-20  tons),  soluble  materials  (6-20  tons)  and 
tars  (1  ton  or  less).  The  mineral  ash  has  been  further  analyzed 
and  has  been  found  to  contain  about  60%  silica  (9-13  tons/ 
square  mile) month).  Amongst  the  metals  found  were  iron  (14#), 
aluminium  (4;*),  copper  (2%)   and  lead  £#).  Some  samples  were 
also  found  to  contain  fluorides  and  others  cadmium*  Further 
work  on  the  fluoride,  cadmium  and  lead  is  in  hand. 

Aerosols 

Two  methods  have  been  used  to  measure  the  crosol 
concentrations  in  the  Sarnia  area.  One  unit  samples  the  air 
at  60  c.f.m.  for  24  hours  and  collects  a  sample  large  enough 
to  be  weighed  and  analyzed,  while  the  other  has  a  sampling 
rate  of  2  c«f,m.  and  produces  a  stain  on  a  filter  paper  which 
is  assessed  by  photoelectric  means.  These  methods  are  comple- 
mentary and  there  is  no  theoretical  basis  for  any  c«_?  relation 
between  their  results.  However,  if  the  particle  size 
distribution  is  constant,  then  there  will  be  a  correlation 
between  the  high  volume  weight  readings  (which  responds 
mainly  to  the  larger  particles)  and  the  low  volume  stain 
readings  (which  are  most  influenced  by  the  sub-micron  size 
particles).  A  fair  degree  of  correlation  has  been  found 
for  Sarnia  results  so  that  we  could,  if  necessary,  convert 
data  from  one  system  to  the  other.  However,  the  procedure 
introduces  some  error  into  the  results. 

High  Volume  Samples 

The  first  high  volume  sample  runs  were  made  with  the 
object  of  determining  the  effect,  if  any,  of  the  start-up  of 
a  catalytic  cracking  unit,  liuns  before  and  after  the  start-up 
were  found  to  have  no  significant  difference,  nor  has  any 
significant  change  been  rated  in  subsequent  runs.  The  average 
values  recorded  show  that  Sarnia  has  a  relatively  low  level  of 
aerosol  pollution,  lower  in  fact  than  any  of  the  following: 
Baltimore,  Cincinnati,  Donora,  and  Windsor.  Table  1  gives  the 
published  data  for  the  above  cities  and  for  Sarnia* 

TABLE  1 

Aerosol  Concentrations  in  Grams/Million 
Cubic  he t res 

Down  ' Town      Residential   City  Limits 
(Business  area)       ■ __^______ 

Baltimore      0.87 

Cincinnati  -  0,28 

Cont ' d 


»  126  - 

Down  Town      Residential   City  Limits 
(Business  Area)    

Dcnora        0.74 

Windsor        0.21  0.15         0.06 

Samia         0.15  0.08         0.05 

It  is  of  interest  to  note  that  during  the  lethal  London 
Smog  of  1952,  averages  of  the  order  of  2,5  graas  were  recorded 
and  that  the  peak  concentration  reach  4.4*  grams/mllllon  cubic 
metres. 

While  these  averages  are  fairly  constant,  it  must  be 
appreciated  that  the  daily  variations  can  be  quite  large  due  to 
the  influence  of  meteorological  conditions  so  that  while  the 
averages  for  the  downtown  area  and  city  lijnits  are  0.15  and 
0.05  respectively,  the  downtown  area  can  give  readings  between 
0.46  and  0.03  while  the  city  limits  can  give  values  up  to  0.29. 
Obviously  only  long-term  averages  can  reflect  the  true  conditions. 

The  objection  to  aerosols  stems  mainly  from  too  properties. 
One  is  the  soiling  power  -  what  the  paint  technician  knows  as 
"covering  power"  and  he  other  is  the  ability  of  the  particles 
to  gain  access  to  the  lungs.  In  both  cases,  size  is  the  pre- 
dominant factor  and  while  the  high  volume  sampler  is  of  value 
in  determining  the  amount  of  matter  in  the  air,  another  method, 
sensitive  to  the  sub-micron  particles  is  required  to  measure 
aerosols  in  terms  of  their  effect  on  the  general  public.  This 
is  done  by  the  Hemeon  Sampler  which  draws  a  small  volume  of 
air  through  a  filter  paper,  leaving  a  stain.  This  stain  is  then 
evaluated  by  the  difference  in  loss  of  light  transmission  through 
the  clean  and  exposed  papers.  The  unit,  the  COH,  is  an 
unfamiliar  unit  to  most  people.  It  is  the  optical  density  of 
the  stain  produced  by  1000  linear  feet  of  air,  The  COH 
measurement  is  very  sensitive  to  particles  of  the  order  of  0,1 
micron,  and  hence  measures  the  concentration  of  those  particles 
which  cause  soiling  of  clothing,  drapes  and  decorations, 
reduce  visibility  and  may  rla7  a  hitherto  unsuspected  part  in 
the  incidence  of  many  lung  diseases.  Beaver  (3),  in  his  report 
to  the  Uritish  Parliament,  gives  statistical  data  showing  that 
the  1952  death  rate  per  100,000  for  England  and  nales  for 
bronchitis  and  pneumonia  were:  cities  over  100,000  population- 
109.,  50,000-100,000  population  -  93;  urban  areas  under  50,000 
population  -  84j  rural  areas  -  68.  It  lias  also  been  shown  that 
morbidity  and  mortality  rates  for  respiratory  diseases  are 
higher  in  the  northeastern  areas  of  British  cities  than  in 
the  southern  and  westerly  areas,  and  this  may  be  a  reflection 
of  the  high  pollution  levels  due  to  the  predominantly  south- 
westerly winds.   There  Is  also  a  growing  body  of  opinion  that 
the  incidence  of  lung  cancer  is  affected  by  pollution  and, 
while  no  medical  survey  is  bein?^  made  in  IJarnia,  the  trend  of 
the  aerosol  pollution  is  being  watched  with  interest. 
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COH  values  for  aerosols  are  only  available  at 
present  for  llttsbur^h,  lenneylvania  (3.1)  and  Columbus, 
Ohio  (3.0).  Sarnia's  values,  ranging  from  1.55  in  the 
residential  area  to  O.56  at  the  city  limits,  confir  m 
the  cleanliness  of  the  area. 

Since  the  Hemeen  Sampler  gives  a  reading  every  two 
hours  compared  with  every  24  hour3  for  the  High  Volume 
Sampler,  it  is  possible  to  evaluate  the  effect  of  meteor- 
ological variables  on  the  aerosols. 

Diurnal  Variation 

Under  certain  meteorological  conditions,  pollution 
tends  to  build  up  during  the  evening  and  study  of  the  daily 
cycle  of  pollution  will  indicate  whether  high  concentrations 
of  smog  are  likely.  Table  2  gives  the  average  pollution 
levels  throughout  the  day.  It  will  be  seen  that  there  are 
two  peaks,  one  at  midnight  and  one  around  sunrise  with  a 
minimum  at  midday.  However,  since  the  peak  values  are  less 
than  twice  the  minimum  value,  the  build-up  of  pollution  is 
not  serious  and  extensive  periods  of  aaog  are  not  to  be 
expected, 

TaBLS  2 

Diurnal  Variation  of  Aerosols  (COH  Units) 

Time   0001/  0200/  0400/  0600/  0800/  1000/  1200/  1400/  1600/ 
0200  0400  0600  0800  1000  1200  1400  1600  1800 

Time   1800/  2000/  2200/ 
2000   2200   2400 

COH  Unite  1.66  1.58  1.49  1.78  1.54  1.24  1,18  1.27  1-48 
1.57  1.74  1.73 

Effect  of  Wind  Direction 

i&nds  from  the  southern  quadrant  are  usually  warm  winds 
passing  over  relatively  cool  ground  (4).  Under  these  condi- 
tions, the  lower  strata  of  air  become  cooler  than  the  higher 
levels  so  that  convection  and  vertical  mixing  are  retarded. 
Conversely,  north  winds  are  normally  passing  over  relatively 
warm  land  whereby  the  lower  layers  become  warmer  and  are 
carried  aloft  by  convection.  In  this  way,  pollution  is 
removed  from  the  surface  air.  It  is  of  interest  to  find 
out  whether  these  mechanisms  of  stability  and  convection  can 
influence  the  pollution  levels  over  a  city.  For  this 
purpose  we  have  selected  two  stations  Rl  and  T2  which  are 
approximately  equal  distances  from  the  centre  of  the  high 
pollution  area,  one  to  the  south  and  the  other  to  the 
northeast.  Taking  average  over  a  period  to  eliciinate  the 
influence  of  daily  fluctuations,  we  find  that  a  north  wind 
cones  in  over  Sarnia  (at  T3)  with  an  average  aerosol  content 
of  0,43  COH  units.  Passing  over  the  sources  of  pollution 
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(including  the  comiercial  area),  it  reaches  T2  with  a 

pollution  content  of  O.63  COH  un2.ts.  This  is  tne  highest 
reading  obtained  for  any  wind  direction  at  T2  except  for  a 
value  of  0.95  COH  units  obtained  during  calm  periods.  The 
southwest  wind  approaches  Sarnia  with  an  initial  reading  of 
0«53  COH  units  and,  by  the  t.ime  it  reaches  Rl,  the  value 
has  risen  to  2.76  units  which  is  the  average  of  232  individual 
readings.  Obviously  the  stability  of  the  wind  is  a  potent 
factor  in  determining  its  capacity  to  disperse  pollution  and 
the  above  data  should  be  of  great  value  in  future  town 
planning. 

Sulphur  Dioxide 

3ulphur  dioxide  is  the  commonest  of  the  gaseous 
pollutants  since  it  is  produced  by  almost  every  combustion 
process.  It  can  also  be  released  in  large  quantities  from 
chemical  plants  such  as  smelters  and  oil  refineries,  further- 
more, it  is  probably  by  far  the  commonest  cause  of  vegetation 
damage.  Flants  of  all  kinds  are  damaged  by  S0~  and  some  of  the 
"leafy"  plants  such  as  lettuce,  spinach  and  alfalfa  can  be 
damaged  by  a  few  hours  exposure  to  concentrations  well  below 
1  part  per  million.  For  this  reason,  continuous  monitors  of 
the  sulphur  dioxide  in  the  atmosphere  have  been  kept  running 
during  the  past  two  years,  The  records  show  that  the  average 
concentration  in  the  residential  area  is  0.03  parts  per  million 
which  is  between  one-half  to  one-third  of  the  comparable  figures 
for  Windsor,  Cincinnati  and  Baltimore.  However,  gratifying 
though  these  results  may  be,  the  objection  to  sulphur  dioxide 
lies  more  in  the  concentration-time  relationship  during  the 
periods  of  fumigation.  rflhe  limits  of  plant  damage  are  not 
known  precisely  since  investigations  of  plant  response  are 
affected  by  such  variables  as  amount  of  sunlight,  rate  of 
plant  growth  and  differences  in  plant  feeding.  The  lowest 
concentration  claimed  to  affect  vegetation  is  0.15  p. p.m. 
for  an  exposure  of  8  hours.   This, then*  we  ^ve  taken  as  our 
yard-stick,  but  on  no  occasion  during  the  past  two  years  has 
this  danger  point  been  exceeded  iu  the  residential  area. 
Concentrations  as  high  as  1.0  p. p.m.  have  been  recorded 
momentarily  and  concentrations  above  0,25  p. p.m.  have  been 
recorded  but  only  for  10  minutes   These  concentrations  and 
times  are  insufficient  to  cause  visible  damage  to  plants  and 
it  now  appears  probable  that  after  the  gas  has  blown  away, 
plants  are  well  able  to  assimilate  these  shtall  amounts  of 
sulphur  and  make  a  complete  recovery. 

i-vhile  Rl  was  chosen  because  it,  seemed  the  logical 
place  to  expect  the  maximum  pollution,  it  is  useless  for  the 
purpose  of  estimating  the  contributions  of  individual  sources 
of  pollution.  For  this  reason,  site  T2  was  chosen  for  the 
trailer  unit  and  polar  diagrams  have  been  constructed  to  show 
the  average  concentration  of  SO2  with  wind  direction  for  hoth 
locations   Figure  5  indicates  that  at  El  most  of  the  S02  is 
received  from  a  southwesterly  direction.  At  T2,  however,  the 
individual  contributions  of  groups  of  industries  to  the. north, 
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west,  southwest  and  east  are  clearly  defined.  You  will  see 
that  the  contribution  of  the  Iiound  House  to  the  east  is 
brought  out  very  clearly.  This  figure,  incidentally,  is 
based  on  data  collected  in  1953  and  we  hope  to  repeat  this 
experiment  in  the  near  future  to  determine  whether  the 
pattern  has  been  changed  significantly  by  the  improvements 
•iiade  by  the  industries. 

Hydro ften  sulphide 

The  Hemeon  Sampler,  which  is  used  to  evaluate  the 
soiling  properties  of  the  aerosols  can  be  used  to  record 
concentrations  of  hydrogen  sulphide  by  removing  the  aerosols 
in  a  pre-filter  and  filtering  the  air  through  a  lead  acetate 
impregnated  paper,  hydrogen  sulphide  is  a  relatively  poison- 
ous gas  but  seldom  exists  in  the  atmostphere  in  dangerous 
quantities  except  near  certain  industries,  including  petroleum 
refining.  It  has  a  very  noticeable  smell  which  can  be  detected 
at  about  0,1  p. p.m.  (100  parts  per  billion).  At  thi3  concen- 
tration, it  rapidly  tarnishes  silver  and  blackens  lead  paints. 
The  minimum  concentration  detectable  with  our  equipment  is 
1  part  per  billion  and,  during  2400  hours  of  observation,  a 
concentration  of  10  p.p.b.  was  recorded  for  6  hours  only. 
The  maximum  concentration  was  70  p.p.b,  recorded  on  a  still 
calm  night  in  July  1954.  A  breakdown  by  wind  direction  shows 
that  positive  results,  which  were  obtained  for  about  20#  of 
the  sampling  time,  occur  with  all  wind  directions  except 
east.  There  must  be,  therefore,  a  number  of  sources  spread 
over  the  industrial  area,  and  even  if  it  is  decided  to  attempt 
to  reduce  the  sulphide  pollution,  no  single  change  is  likely 
to  change  the  conditions  appreciably. 

Shipping 

The  St,   Clair  and  Detroit  Rivers  are  reputed  to  carry 
the  heaviest  water-borne  traffic  in  the  world,     iwen  to  the 
casual  observers,    the  smoke  produced  by  these  vessels  seems 
worthy  of  attention,   so,  during  last  summer,   observations  were 
made  of  all  the  ships  passing  Sarnia  during  two  2-hour  periods 
daily.     The  periods  of  observation  were  dictated  by  the  normal 
shift  work  of  the  observers  who  undertook  the  2-hour  periods 
during  their  spare  time.      The  periodswere  distributed  over 
sixteen  hours  of  daylight  and  there  is  no  evidence  of  any  bias 
in  the  results.     In  all,   426  observations  were  made,  logging 
the  Kingelmann  Number  of  the  smoke  and  the  name  of  the  vessel, 
and  from  the  data  the  following  conclusions  were  drawn. 

1,  Taking  iHngelmann  Number  2  as  the  maximum  pollution 
desirable,   the  smoke  was  logged  as  itLngelioann  Wo,  2  or  less  for 
44/2  of  all  transits,     a  breakdown  according  to  firing  methods 
shows  that  for  oil-fired  vessels  &9&  of  the   transits  were 
satisfactory,    for  stoker-fired  vessel  582  and  for  hand-fired 
vessels  only  20/o  were  satisfactory, 

2.  It  is  agreed  that  continuous  operation  at  Itingelmann 
No.   2  is  impossible  and  that  hand-fired  boilers  will  make  more 
smoke  than  other  types.     On  this  basis,   the  International  Joint 
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Commission  has  laid  down  objectives  for  the  three  classes 
of  firinp  and  we  find  that  45*  of  all  the  ships  on  the  St. 

Clair  river  fail  to  meet  these  objectives  the  worst 
offenders  being  the  hand-fired  vessels  <56*),  foUowdJ* 

stoker-fired  t42,;S),  and  the  best  behaved,  the  oil-fired 
vessels  (26>b). 

3.  Although  the  current  under  the  Blue  ifeter  Bridge  is 
6  knots,  and  it  had  been  claimed  that  ships  would  be  sailing 
under  full  steam  against  the  current,  there  is  no  evidence 
that  ships  proceeding  upstream  make  more  smoke  than  snips 
sailing  with  the  current. 

*fe  present,  a  high  percentage  of  the  ships  in  these 
waters  are  obsolete  and  no  modernization  is  contemplated 
since  the  shipping  companies  propose  to  lay  down  new  vessels 
soon  to  take  advantage  of  the  St.  Lawrence  Seaway.  The 
only  improvement  to  be  expected  for  some  tine  therefore,  is 
that  resulting  from  improved  control  by  the  firemen.  Windsor 
and  Detroit  have  shown  that  the  percentage  of  transits  gJ-«-«g 
rtingeLnann  l.o.  3  or  over  can  be  reduced  from  55a»  to  35*  by 
constant  pressure  on  the  operators,  and  it  is  hoped  to  make  a 
similar  improvement  in  Sarnia.  It  has  not  been  possible  to 
assess  the  contribution  of  the  ships  to  the  P**^J""g* 
at  Sarnia  and  it  may  be  that  the  contribution  is  not  significant. 
There  is,  no  doubt,  however,  of  the  psychological  effect  of 
dense  black  smoke  billowing  from  passing  ships  on  the  public  8 
willingness  to  cooperate  to  clean  up  the  city. 

Other  Aspects 

During  the  course  of  our  analyses,  we  have  confirmed 
the  presence  of  auorides,  lead  and  cadmium.  These  are  all 
potentially  dangerous  pollutants.  While  the  amounts  found 
give  no  cause  for  alarm  -  they  can  be  identified  in  trace 
amounts  in  most  places  -  further  work  is  proceeding  on  the 
concentration,  distribution  and  origin  of  these  compounds  in 
order  to  be  forewarned  of  any  approach  to  physiologically 
significant  concentrations,  ie  are  also  preparing  to  assess 
the  nature  and  amount  of  hydrocarbons  in  the  atmosphere  in 
Sarnia.  Air  pollution  damage  to  vegetation  is  spreading 
rapidly  around  the  large  cities  of  the  world  and  there  is 
evidence  pointing  to  the  use  of  oil  and  gasoline  fuels  as 
being  the  cause,  -..hether  these  hydrocarbons  need  to  undergo 
pyrolysis  in  an  engine  is  not  known  and  therefore  the  effect 
of  normal  unavoidable  refinery  and  petrochemical  losses  is 
unknown,  wuch  work  remains  to  be  done  on  this  subject. 

Conclusion 

Our  results  so  far  show  that  Sarnia  is  relatively  clean 
for  an  industrial  city.  Its  pollution  levels  are  probably  only 
30-50*  of  those  of  such  cities  as  Pittsburg,  Columbus,  Windsor 
and  Baltimore.  The  e;q>enditure  of  several  million  dollars  by 
the  industry  of  Sarnia  to  install  and  operate  pollution- ^ 
preventing  devices  is  proof  of  their  intention  to  maintain 
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and,  if  possible,  improve  existing  conditions.  Only  by 
this  Cleans  can  the  Chemical  Valley  continue  to  expand  and 
prosper  without  spoiling  the  living  conditions  of  those 
who  work  in  the  factories.   Pollution  is  an  insidious 
disease  and  needs  constant  attention.  It  grows  impercept- 
ibly until  one  day  comes  disaster  -  a  disaster  such  as 
befrll  London  in  December  1952  and  prompted  C-uy  Murchie  (5) 
to  vrite: 

" By  the  third  day,  old  people  with  asthma 

or  bronchitis  began  to  get  frightened,  and 
oxygen  tents  were  in  great  demand.  Blondes 
were  turning  into  brunettes.  An  Airplane  that 
managed  to  make  an  instrument  landing  at 
Croydon  got  lost  between  the  runway  and  the 
ramp.  Blind  men  were  helping  as  street  guides 
in  the  city,  firemen  groped  in  front  of  their 
engines,  while  dock  police  were  busy  trying  to 
rescue  those  who  had  walked  off  wharves  into  the 
thames  and  could  be  heard  calling  and  blubbering 
hopelessly  somewhere  in  the  filmy  water.  People 
in  theaters  could  not  see  the  stage  from  the 
sixth  row  and  projected  moving  pictures  could  not 
penetrate  to  the  screens.  Sounds  of  choking 
could  be  heard  everywhere,  mingled  with  distant 
church  bells  and  the  muffled  clanging  of  ambulances. 
The  whole  city  seemed  to  be  suspended  in  the  sky, 
floating  in  a  cloud-cool,  dank,  inviolate," 
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CONTINUOUS  CULTUiG  OF  SACCHABOMYCES  FRAQ1LI3 


STEIN  S.  HEGBOh 

Ontario  Research  Foundation. 
Toronto,  Ontario 

A  problem  which  has  been  of  interest  to  the  dairy 
industry  for  a  long  time  is  the  possibility  of  a  more  effective 
utilization  of  cheese  whey.  Although  it  is  of  rather  low 
nutritional  value  both  to  human  beings  and  animals,  the  producer 
usually  takes  back  most  of  it  for  a  low  valu9  livestock  feed. 
During  the  peak  season,  however,  the  farmers  do  not  require 
quite  all  the  whey  for  animal  feed  and  so  other  means  of 
disposal  must  be  found. 

The  Department  of  Public  Health  objects  strenuously 
to  the  practice  of  dumping  whey  in  streams  and  so,  in  some 
cases,  the  excess  whey  has  caused  an  increase  in  disposal  costs 
due  to  increased  sewage  capacities. 

A  great  deal  of  research  into  the  economic  utilisation 
of  cheese  whey  has  been  done  and  some  processes  have  been 
developed,  such  as  the  production  of  lactose,  whey  powder,  etc. 
However,  from  the  point  of  view  of  most  cheese  factories  whey 
is  still  a  waste  product,  as  the  market  demand  for  these 
products  is  rather  limited. 

For  these  factories,  therefore,  the  development  of 
economic  processes  the  products  of  which  are  in  demand  on  the 
market,  is  highly  desirable. 

A  consideration  of  the  chemical  composition  of  the 
whey,  being  rich  in  andno-nitrogen,  lactose,  vitamins  and 
other  growth-factors,  immediately  suggests  microbial  trans- 
formation of  the  constituents  into  stable  and  useful  products. 

This  approach  opens  a  wide  variety  of  possibilities 
ranging  from  the  manufacture  of  vitamins,  etc.  to  the  pro- 
duction of  protein. 

The  work  on  cheese  whey  performed  at  the  Ontario 
Research  Foundation  deals  with  the  latter  aspect,  by 
continuous  production  of  fodder  yeast.  This  product  would 
eventually  be  used  to  enrich  low  grade  animal  feeds,  both 
with  respect  to  protein,  and  vitamin-content. 
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The  kineticd  of  yeast  growth  conforms  at  least  over 
quite  a  large  range  to  well-defined  mathematical  laws,  a  fact 
which  is  extremely  useful  in  the  elucidation  of  the  conditions 
to  be  employed  in  continuous  production. 

For  a  better  understanding  of  the  principles  of 
continuous  biological  oxidations,  yeast  growth  in  a  batch 
culture  and  its  kinetics  will  be  briefly  dicussed, 

Fig,  1  illustrates  a  typical  graph  obtained  for  yeast 
growth  in  a  batch  culture.  The  3  dotted  lines  divide  the 
graph  into  k   parts.  During  the  first  period  which,  for 
obvious  reasons  is  called  the  lag  phase,  the  yeast  level  for 
a  time  falls  below  the  value  at  which  it  was  seeded.  Then 
growth  slowly  commences.  The  rate  of  growth  changes  rapidly, 
until  all  the  cells  are  in  a  state  of  constant  division. 
At  this  point  the  graph  moves  into  the  log  phase  «  so  called 
because  the  growth  is  exponential.  Beyond  the  log  phase  is 
the  transition  phase  in  which  the  over-all  rate  of  growth 
slows  down.  Hence  the  graph  falls  rapidly  off  towards  the 
stationary  phase  in  which  hardly  any  growth  occurs  and  the 
graph  becomes  horizontal. 

Continuous  culture  is  a  further  development  of  batch 
growth.  In  this  work  the  commencement  of  the  process  is 
acuuallly  batch-wise,  and  so  experiments  that  elucidate 
yeast  levels  and  rates  of  growth  are  of  major  importance. 

For  various  reasons  the  part  of  the  graph  that  is  of 
most  interest  for  a  continuous  process  is  the  linear  portion, 
which  enables  the  theoretical  maximal  flow  under  continuous 
conditions  to  be  calculated. 

as  already  has  been  mentioned,  in  the  log  phase,  the 
organisms  are  in  a  steady  state  of  reproduction,  and  so  the 
rate  of  increase  of  mass  is  proportional  to  the  instantaneous 
mass. 


Thus: 

K  -    growth  constant 

dm 
dt 

-      km                m  ■    mass/litre  (dry  wt.) 
t  -     time 

Integrating: 

In  m  a    kt  ^  lnnio 

i.e  : 

In  this  state  of  binary  fission  the  multiplication 
can  also  be  represented  by  the  equation: 

m  -  mo  gVl  (ii) 

where  g  -  regeneration  time  of  the  organism 
(in  hours),  i.e.,  the  time  taken  for  the  con- 
centration of  cells  to  double  itself. 
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j-^tuating  (i)  and  (ii):     k  -     ln2 (iii) 

S 

If  we  have  a  feru«ntar  of  effective  volume  V  litres, 
then,   under  conditions  of  continuous  flow  at  a  rate  of  rt 
litres/hour,   the  rate  of  change  of  population  at  any  time 
may  be  represented  as: 

dm     =     ktt  «  1  U (iv) 

If  flow  is  adjusted  to  the  maximal  theoretical 
rate,  there  is  no  resultant  change  of  mass  in  the  fermenter, 

i.e.:   d)m  -     0 

dt 

Then:     k  -  R (v) 

V 

Using  equation  (iii):   R  =  ln2  X  V (vi) 

.,  a 

The  factor  m    is  often  denoted  H  =  hold-up  time  and 
represents  the  time  taken,  at  no  change  of  population,  to 
pass  through  the  fermenter  a  volume  of  medium  equivalent  to 
the  working  volume  of  the  fermenter. 

Thus  the  interrelation  between  rate  of  growth  and 
hold-up  time  by  equation  (v)  becomes: 

K  =  "W 

In  this  work  equation  (vi)  has  been  used  most 
frequently,   not  only  because  it  comprises  both  the  interrelated 
quantities  R  and  V,   but  also  because  of  it  simplicity. 
V  is  a  pre-detennined,   constant  factor  and  g  can  be  measured 
directly  from  a   standard  batch-graph.     Another  advantage  of 
this  approach  is  that  the  maximal  yeast-level,   which  must  be 
attained  for  maximal  efficiency  of   the  fermenter,    can  be 
obtained  without  much  difficulty. 

Another  riiathei.iatical  approach  in  this  respect  is 
offered  by  the  integrated  form  of  equation  (iv): 


m  =  n^e   (kV  -  R)t 
V 


or:  m     =  e 


SW^itt-.  (vii) 


This  equation  is  advantageous  over  equation  (vi)  in 
that  it,  at  least  to  some  extent,  indicates  what  happens  at 
different  values  of  *?. 

It  is  readily  seen  that  if  k  -  y 
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Then     a(kV  -  R)t  =  <1 
V 

and  so  m  <  bbq 

and  so,  in  the  course  of  time,  the  concentration  in  the  tank 
will  fall  to  an  infinite simally  low  value. 

On  the  other  hand,  if  K  >   y  then 


e(kV  -  a)t  =>  1 


•and  so  m  >  m. 
o 


This  means  theoretically  that  at  sub-maximal  rates 
of  flow  a  stable  equilibrium  will  be  set  up,  which  is  desirable. 

It  m    R  .would  be  the'ideal  state  of  affairs,  but 

although  the  rate  of  flow  can  be  adjusted  fairly  cioseiy  to  Jit 
this  condition,  experimental  errors  are  appreciable  and  so,  in 
order  to  obtain  a  stable  equilibrium  in  the  fermenter,  the 
general  view  is  that  ft  should  be  somewhat  lower  than  the 
theoretical  maximal  value* 

For  a  commercial  process  it  is  Important  that  the 
process  be  as  efficient  as  possible,  i.e.  that  the  daily  out- 
put with  the  available  equipment  be  maximum.  It  is  also 
important  that  the  organism* utilize  the  nutrients  efficiently 
and  completely. 

Some  points  to  note  in  this  connection  are: 

(1)  High  working  volume  relative  to  the  total  volume 

of  the  fermenter. 

(2)  High  concentration  of  organisms  in  the  effluent. 

(3)  High  rate  of  growth 

(4)  High  efficiency  in  the  utilization  of  the 
nutrients  of  the  medium 

(5)  Inexpensive  and  plentiful  raw  material,  to  which 
as  little  nutrients  as  possible  have  to  be  added 

(6)  The  process  must  be  continuous  over  a  long  period 
of  tJjiie. 

For  continuous  propagation  of  Saccharomyces  fragilis 
on  cheese  whey  these  points  are  answered  as  follow: 

Theoretically  (1),  (2)  and  (3)  should  be  as  high  as 
possible  in  order  to  give  the  highest  output  with  the  available 
fermenter  space.  But  in  practice  a  compromise  must  be  found 
for  they  are  all  tied  up  with  each  other,  in  such  a  way  that 
they  cannot  all  be  maximal  at  the  same  time. 

Thus,  the  higher  the  concentration  of  yeast  cells  in  the 
overflow,  the  richer  must  the  feed-medium  be  with  respect  to 
nutrients.  The  more  concentrated  the  feed-whey  is,  the  stronger 


ia  the  tendency  for  frothing,  and  so  the  effective  volume 
of  the  fermenter  decreases.   aso,  it  In   found  that  at  a 
high  concentration  of  cells  the  rate  of  growth  of  the 
organism  is  lower  than  at  a  low  yeast-level. 

Considering  each  t>oint  separately: 

(1)  hilk  whey  containing  h%  lactose  may  support  the  growth  of 
up  to  24  gins,  of  yeast  (dry  wt.)/litre.  however,  aeration 
of  this  concentrated  solution  produces  very  heavy  frothing. 
In  fact,  German  workers  found  the  foam-pud  so  extraordinarily 
heavy  that  they  could  Maintain  1/3  useful  volume  only,  even 
though  antifoam  agents  were  added. 

hoi-aver,  on  diluting  the  whey,  i.e.  when  working  at 
lower  yeast  levels,  the  frothing  decreases  rapidly.  In  our 
experinenus  the  whey  has  been  diluted  to  5-6  times  its 
ori'inal  volume  with  water.   In  soue  of  these  experiments  we 
have  had  a  working  capacity  of  4/5  of  the  total  volume  of  the 
fermenter,  with  only  small,  periodic  additions  of  lard  oil  as 
antifoam.  This  value  would  probably  be  too  high  for  a  large 
scale  fermenter,  but  a  value  of  3/5  -  3/4  appears  very  reason- 
able, 

This  the  effective  volume  in  doubled  relative  to  the 
case  where  the  undiluted  whey  is  used,  the  advantage  of  winch 
is  obvious, 

(2)  The  rate  of  growth  has  been  found  to  be  affected  in  th; 
main  by  three  factors  only. 

Temperature,  of  course,  has  a  r^reat  effect  in  this 
respect.   For  a  liaccharomyces  the  optimum  temperature  is 
normally  ca.  30°C.  However,  with  H.    Fragile  it  is  found_ 
that  an  increase  in  temperature  of  7-8°C,  is  very  beneficial. 

'Phis  fact  is  well  illustrated  by  Fig.  11  which  shows 
that  sucn  a  raise  in  temperature  decreases  the  regeneration 
time  by  1/2  hour.  At  the  same  tine  it  is  seen  that  a  varia- 
tion of  pH  over  as  wide  a  range  as  2  pH -units  has  no  effect 
on  the  rate  of  growth.  Also  as  regards  other  environmental 
factors  the  growth  rate  of  this  yeast  is  remarkably  independent. 

The  second  factor  involved  in  determining  the  rate 
of  growth  is  the  actual  condition  and  amount  of  the  seed 
yeast. 

This  fact  is  illustrated  by  Fig.  Ill  which  shows  the 
interrelation  oetween  rate  of  growth  and  rate  of  seeding  in 
such  a  way  that  the  rate  of  growth  is  decreased  as  the  rate 
of  seeding  is  increased,  also,  the  seed-yeast  must  be  in  a 
healthy  coalition,  otherwise  the  rate  of  growth  is  slowed 
down. 

The  exact  nature  of  the  third  factor  is  unknown.  All 
we  know  is  that  it  is  some  growth  factor  found  in  CSL. 
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as  indicated  on  Fig. IV,  addition  of  1/2;?  of  CSL  to 
the  dilute  whey  decreases  the  regeneration  time  nearly  by 
another  15  minutes. 

i&   a  dilution  of  the  whey  of  lu4,  a  temperature  of 
37°  -  38°C.  mi  with  the  addition  of  1/2,2  CSL,  the  regener- 
ation time  is  1.1  hours  when  the  rate  of  seeding  is  .3  gms. 
of  yeast  (dry  weight) /litre.  This  rate  of  growth  is  extremely 
high,  almost  approaching  that  of  bacteria.  It  corresponds 
to  a  hold-up  period  of  1.60  -  1.75  hours,  and  so  in  24  hours 
a  volume  of  dilute  medium  corresponding  to  ca.  14  times  tne 
working  volume  of  the  tank,  can  be  fermented. 

(3)  Under-  conditions  of  maximal  rate  of  growth  and  flow  the 
yeast  level  to  be  expected  is  3  gms.  of  dry  yeast/litre  of 
medium.   In  addition  to  this  comes  ca.  4-5  gms.  of  lactdlbiimn/ 
litre  of  undiluted  whey,  which  should  be  heat  precipitated  and 
separated  before  the  fermentation  stage. 

It  may  be  possible  —  at  least  theoretically  —  to 
maintain  a  somewhat  higher  level  in  the  ferment er  by  decreas- 
ing the  rate  of  flow,  but  there  is  seme  indication  that  this 
is  not  so,  and  that  we  run  into  the  phenomenon  of  cycling, 
which  is  a  steady  fluctuation  between  an  upper  and  a  lower 
yeast-level.  If  so,  the  average  yeast  output  will  be  lower 
than  at  near-raaxi.nal  rates  of  flow.  Also,  the  protein  content 
of  the  yeast,  normally  53-5 5 A   decreases  to  f  50*  beyond 
the  exponential  phase.  So  on  the  whole  it  seems  best  to  work 
in  the  exponential  phase.  In  all  this  work  considerations 
are  based  on  a  level  of  3  gms.  dry  yeast/litre. 

(L)     The  efficiency  on  the  nutrients  should  be  as  high  as 
possible  andis  in  fact  very  good.   The  factors  under  consid- 
eration are  lactose  (i.e.  whey),  phosphates,  nitrogen, 
magnesium  and  CSL. 

Lactose,  both  a  source  of  energy  and  cell  matter,  is 
most  important  in  this  respect.  It  is  completely  assimilated 
under  conditions  of  continuous  flow  if  its  concentration  in 
the  feed  is  lower  than  corresponding  to  an  efficiency  of  33* 
on  the  dry  yeast  produced.  This  value  is  very  low,  but 
economizing  with  the  carbohydrate  can  be  induced  by  decreasing 
tne  concentration  of  sugar  in  the  feed.  Under  such  conditions 
the  yeast  level  remains  constant  while  the  efficiency  on  the 
lactose  utilized  increases.  In  this  way  efficiencies  of 
over  5?;  (dry  yeast  wt./wt,  lactose)  have  been  recorded  and 
even  higher  ^-age  values  can  probably  be  obtained. 

«veida  such  as  lactic  acid,  which  are  present,  do  not 
seem  to  be  of  much  importance,  as  it  appears  that  the  yeast 
preferentially  assimilates  the  lactose  completely.   On  y 
then  does  it  utilize  the  acids.   The  rate  at  wto.ch  it  does 
so  seems  to  be  lower  than  for  lactose,  and  so  they  are  ot 
little  interest  as  nutrients. 
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Nitrogen  will  be  supplied  either  as  (NH,  JjjSO.  or 
as  urea.  At  the  yeast  level  chosen  the  former  source  of 
nitrogen  does  not  result  in  a  decrease  in  pH  that  necess- 
itates a  regulation  of  pH,  a  fact  that  simplifies  operation 
considerably.  In  fact,  under  continuous  conditions  the 
pH-value  remains  at  or  near  4.7  which  is  an  ideal  value. 

The  whey-CSL  medium  contains  nitrogen  in  available 
form.  Under  the  desired  conditions  it  supplies  ca.  6056  of 
the  nitrogen  assimilated  by  the  yeast.  Nitrogen  added  in  the 
form  of  (NH,  )2S0,  is  utilized  immediately  and  completely, 

and  a  favourable  point  is  that  if  it  should  be  in  short 
supply  for  some  reason,  the  yeast- level  is  not  affected, 
but  the  protein-content  of  the  yeast  decreases* 

Under  the  desired  conditions  0,15  lbs,  of 
(NH, )  SO,  must  be  addedAb,  of  yeast  (dry  wt,)  produced  to 

give  a  protein  content  of  53-55^. 

At  the  low  yeast-level  UBed  the  medium  contains 
enough  tig  and  F,  and  so  no  expense  is  required  for  these 
nutrients* 

The  amount  of  CSL  to  be  added  must  be  fixed  arbit- 
rarily. In  our  experiments  0,53  has  been  added,  but  this  is  in. 
excess  of  the  required  amount. 

m  interesting  nutritionaT  point  is  the  fact  that 
abnormal  growth  can  be  induced  by  using  a  feed  deficient 
either  in  phosphorus  or  in  nitrogen.  The  cells  are  definitely 
morphological  variants  and  no  infection.  Their  appearance  is 
that  of  elongated  pseudo  mycelial  cells,  Joined  together  like 
strings  of  sausages.  The  change  into  the  abnormal  form  takes 
place  rapidly  and  almost  completely.  Reversion  to  the  normal 
parental  form  takes  place  on  sub-cultering  in  a  rich  medium. 

So  far  attempts  at  inducing  this  condition  in  a  whey- 
medium  have  been  unsuccessful,  as  it  is  rich  in  N  and  P. 
However,  such  a  state  would  be  highly  desirable  as  both  rate 
of  growth  and  yeast  level  increase  in  this  condition, 

(5)  Whey  satisfies  the  condition  that  it  is  inexpensive,  and 
the  cost  of  raw  materials  to  be  added  will  be  1  w.  Only 
(NH4)2S04,  C3L  and  antifroth  agent  in  small  quantities  are 
required  in  this  respect.  The  total  amount  of  raw  material 
is  plentiful.  However,  it  is  distributed  between  many  cheese 
factories,  and  the  daily  amount  available  at  each  of  them  is 
small.  Thus,  during  the  flush  season  only  10-30,000  lbs.  of 
whey,  averaging  ca.  20,000  lbs.,  are  produced  at  each  factory. 
This  amount  is  low  for  an  economically  satisfactory  method. 

(6)  we  have  had  the  process  working  continuously  for  a  period 
of  time  exceeding  4  days.  The  process  was  working  well  at 
the  end  of  this  period,  and,  although  no  definite  statement 
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about  prolonged  growth  can  be  made,  there  eeems  to  be  no 
reason  why  it  should  discontinue. 

Some  data  are  evailable  for  comparison  with  the 
expected  results  for  this  method:  C.O.  Reiser  suggests  a 
method  for  continuous  production  of  Torula  yeast  from  starch 
wastes.  A  46,000  gal.  fermenter,  at  a  hold-up  time  of 
4  hours,  would  produce  9,100  lbs.  of  dry  yeast/day. 

J.  Demmler  and  co-workers  tried  to  produce  f.-.dder- 
yeast  from  whey  by  a  continuous  method,  using  different 
yeasts,  S,  fragilis  excepted,  but  were  unable  to  maintain 
the  yeast-level,  which  after  an  unspecified  time  fell  to 
1/2  -  1/3  of  the  desired  level.  Scaling  their  maximal 
results  to  fit  a  46,000  gal.  fermenter,  their  daily  output 
would  be  ca.  9*200  lbs. 

Our  daily  output  from  the  same  fermenter  would  be 
14>500  lbs.  based  on  3/4  useful  volume  of  fermenter,  3  gms. 
dry  yeastAitre  in  overflow,  and  a  hold-up  time  of  1  3/4  hours. 
This  gives  a  60,2  more  efficient  utilization  of  the  fermenter. 

Summing  up,  the  advantages  of  this  method  are  as 
follows : 

1.  itelatively  small  fermenter  space  required. 

2.  High  y^-age  yield  of  yeast  at  high  pro  tedm  content  on  the 
nutrients. 

3.  Cheap  raw-materials. 

4.  Simple  operation. 

5.  Continuity  of  method. 

6.  High  rate  of  growth. 

Two  disadvantages  are: 

1*  Dilute  medium. 

2.  Small  quantities  of  whey  available  at  each  cheese  factory. 
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PROBLEMS  IN  THE  UTILIZATION  OF  MUNICIPAL  WASTE 
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Some  time  ago  Mr.  Harold  D.  Bradley,  the  Street 

COMM.5SI0NER  FOR  THE  ClTY  OF  TORONTO,  RETAINED  THE  SERVICES  OF  THE  ONTARIO  RE- 
SEARCH Foundation,  to  a  limited  extent,  to  examine  the  possibilities  of  utiliz- 

INE  OR  UP-GRADING  THE  VAST  AMOUNT  OF  WASTE  MATERIAL  WHICH  THE  DEPARTMENT  OF 

Street  Cleaning  collects  day  by  day. 

|  do  not  wish  to  infer  by  this  that  good  use  has 

NOT  BEEN  MADE  OF  MUNICIPAL  WASTE  IN  THE  PAST.    On  THE  CONTRARY,  THE  PRACTICE 
OF  SANITARY  LAND  FILLING  WITH  REFUSE  ANO  THE  ASHES  OF  REFUSE,  TO  RECLAIM  UN- 
DESIRABLE TOPOGRAPHY  BY  TRANSFORMING  IT  INTO  USABLE  LAND  HAS  BEEN  WIDELY  USED 
IN  TORONTO  IN  THE  PAST  WITH  VERY  PROFITABLE  RESULTS  BECAUSE  THIS  RECLAIMED  LAND 
CONTINUES  TO  RETURN  TO  THE  MUNICIPAL  GOVERNMENT  A  STEADY  REVENUE  OF  TAXES. 

|T  IS  PROBABLY  TRUE  TO  SAY  THAT  THE  MOST  USEFUL 
THING  THAT  CAN  BE  DONE  WITH  MUNICIPAL  WASTE  IS  THE  RECLAMATION  OF  WASTE  LAND 
BY  THE  SANITARY  LANDFILL  PROCESS,  BUT  IN  ANY  ONE  CITY  IT  HAS  ITS  LIMITS. 

Eventually  all  the  reclaimable  land  becomes  reclaimed:  all  the  hollovband  oips 

IN  THE  LANDSCAPE  BECOME  FILLED  UP  AND  THE  PROBLEM  OF  WHERE  TO  PUT  THE  MATERIAL 
BECOMES  ACUTE.    SUITABLE  DUMPING  PLACES  BECOME  FARTHER  AND  FARTHER  FROM  THE 
SOURCE  AND  THE  COST  OF  DISPOSAL  SOARS. 

|T  WAS  WITH  THIS  THOUGHT  IN  MIND  THAT  MR.  BRADLEY 
FIRST  PLACED  THE  PROBLEM  BEFORE  US.     ALTHOUGH  IT  WAS  WELL  RECOGNIZED  THAT  IN- 
CINERATION OF  MUNICIPAL  REFUSE  WHICH  IS  THE  PRESENT  PRACTICE  IS  AN  EFFECTIVE 
AND  INEXPENSIVE  METHOD  OF  REDUCING  THE  BULK  OF  THE  REFUSE  AND  MITIGATING  ITS 
OBNOXIOUS  PROPERTIES,  THE  POSSIBILITY  DID  EXIST  THAT  SOME  OR  ALL  OF  THE  WASTE 
COULD  BE  PROCESSED  IN  A  MANNER  OTHER  THAN  INCINERATION  SO  THAT  THE  END  PRODUCT 
WOULD  BE  MORE  VALUABLE  THAN  THE  PRODUCT  OF  STRAIGHT  COMBUSTION. 

THE  FIRST  WASTE  PRODUCT  TO  WHICH  WE  GAVE  ATTENTION 
WAS  THE  ANNUAL  HARVEST  OF  LEAVES.  MEMBERS  OF  THE  DEPARTMENT  HAD  FOR  SOME  TIME 
BEEN  AWARE  OF  THE  FACT  THAT  IF  THE  LEAVES  COLLECTED  EACH  FALL  COULD  PROPERLY 
PROCESSED  TO  LEAF  MOULD,  THERE  WAS  A  VERY  STRONG  POSSIBILITY  THAT  IT  MIGHT  FIND 
A  READY  MARKET  AMONG  THOSE  CITIZENS  WHO  PURSUE  GARDENING  A3  A  HOBBY.  |F  SUCH 
WERE  THE  CASE  THEN  IT  WAS  PROBABLE  THAT  THE  COST  OF  DISPOSAL  OF  LEAVES  COULD  BF. 
CUT  CONSIDERABLY. 

AT  THE  OUTSET  IT  SEEMED  THAT,  SINCE  THE  PRODUCTION 
OF  LEAF  MOULD  HAS  BEEN  A  COMMON  ART  FOR  MANY  HUNDREDS  OF  YEARS,  OUR  EFFORTS 
SHOULD  BE  DIRECTED  TOWARDS  AN  ATTEMPT  TO  SPEED  UP  THE  PROCESS  OR  TO  ENHANCE  THE 
PRODUCT  TROM  A  PLANT  NUTRITIONAL  POINT  OF  VIEW.     |T  WAS  CLEAR  AT  THE  BEGINNING 
THAT  THE  POTENTIAL  PRODUCTION  FOR  THE  AREA  ADMINISTERED  WAS  FIXED,  THAT  COLLEC 
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TION  OF  RAW  MATERIALS  WAS  SHARPLY  CONCENTRATED  INTO  A  VERY  SHORT  PERIOD  OF 
TIME,  AND  THAT  SALES  WOULD  BE  MADE  LARGELY  IN  THE  SPRING  AND  EARLY  FALL.    HENCE 
A  CONSIDERABLE  STORAGE  T I  ML  WAS  INDICATED  AND  STORAGE  REQUIRES  LAND.     THE  MIN- 
IMUM LAND  REQUIREMENT  WOULD  BE  THAT  WHICH  WAS  SUFFICIENT  TO  HOLD  THE  HARVEST 
FROM  ONE  FALL  UNTIL  IT  WAS  SOLD  IN  THE  FOLLOWING  SPRING  AND  SUMMER,  PROVIDING 
THAT  THE  PROCESS  COULD  BE  MADE  SUFFICIENTLY  FAST  THAT  THE  TRANSFORMATION  FROM 
FALLEN  LEAVES  TO  LEAF  MOULD  COULD  BE  ACCOMPLISHED  DURING  THE  WINTER  MONTHS.  V>€ 
SOON  FOUND  THAT  DESPITE  ANYTHING  WE  COULD  DO,  ( AND  THIS  INCLUDED  ADDING  SUCH 
MATERIALS  AS  AMMONIUM  SALTS,  PHOSPHOROUS  COMPOUNDS,  LIME,  SO-CALLED  BACTERIAL 
ACTIVATORS),  THE  HEAT  OF  THE  SUMMER  FOLLOWING  THE  HARVEST  WAS  NEEDED,  AND  IT 
WAS  NECESSARY  TO  OPERATE  ON  A  TRACT  OF  LAND  BIG  ENOUGH  TO  HOLD  AT  LEAST  TWO 
YEARS  HARVEST. 

WE  ALSO  MADE  AN  ATTEMPT  TO  INCREASE  THE  ORGANIC 
NITROGEN  CONTENT  BY  ADDING  INORGANIC  NITROGEN  AND  OTHER  SALTS.    THE  RESULTS  OF 
THIS  EXPERIMENT  ARE  SHOWN  IN  THE  FIRST  SLIDE. 
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The  leaves  for  this  experiment  were  taken  from  a 
pile  whjch  had  been  harvested  the  preceding  fall.   weighed  amounts  were  mixed 
with  the  desired  chemicals  then  placed  in  drums  which  were  perforated  at  the 
bottom  an0  which  were  raised  above  the  ground  on  blocks.   twice,  at  monthly 
intervals,  the  contents  were  spilled  out  on  mixing  boards,  stirred,  sampled, 
and  put  back  in  the  drums. 

From  the  results,  it  is  seen  that  in  three  of  the 
four  cases  in  which  ammonium  nitrate  was  added,  although  the  nitrogen  content 
was  raised  above  the  control,  the  material  lost  nitrogen  during  the  two  months 
the  experiment  was  in  progress.   the  percentage  nitrogen  of  the  control  in- 
creased over  the  period.    it  was  concluded  from  this  that  the  addition  of 
inorganic  nitrogen  was  economically  unjustified. 

the  procedure  adopted  at  the  present  time  in  the 
production  of  leaf  mould  is  this:   the  leaves  are  collected  in  the  fall  and 
taken  to  a  spot  in  the  don  valley  which  is  large  enough  to  hold  more  than  two 
years  complete  harvest.   here  they  are  placed  in  long  rows  of  about  12  feet 

SQUARE  CROSS  SECTION  AND  THEY  ARE  LEFT  FOR  THE  WINTER.     In  THE  SPRING,  AS 

soon  as  it  is  feasible,  the  rows  are  turned  by  bulldozer  and  this  turning  is 
repeated  throughout  the  summer  and  fall  at  monthly  intervals  if  possible.  the 
following  spring  it  is  shredded  and  screened  to  remove  stones,  sticks,  glass, 
etc.  and  it  is  ready  for  bagging  and  sale. 

st  ides  of  production  of  leaf  mould. 

The  leaf  mould  is  of  value  not  so  much  as  a  ferti- 
lizer SINCE  ITS  NITROGEN  CONTENT  IS  ONLY  ABOUT  1#  BUT  AS  A  SOURCE  OF  HUMUS  AND 
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AS  A  SOIL  CONDITIONER.     |T  IS  OF  PARTICULAR  VALUE  AS  A  MULCH  OVER  CLAY  OR 
SANDY  SOIL.     IF  USEO  AS  A  MULCH  IT  NOT  ONLY  PROTECTS  THE  SOIL  FROM  INTENSE  AND 
RAPID  DRYING  OUT  OURING  DRY  SPELLS,  AND  AGAINST  EROSION  AND  PUDDLING  DURING 
INTENSE  RAINS,  BUT  AIDS  IN  KEEPING  THE  EARTHWORM  POPULATION  ON  THE  MOVE  IN  THE 
VERTICAL  PLANE.    THIS  IS  BECAUSE  THE  WORMS  FIND  IT  AN  EXCELLENT  FOOD,  AND  THEY 
COME  UP  FOR  IT  AT  NIGHT  RETURNING  DOWN  AGAIN  OJ3ING  THE  DAY.     THIS  CONSTANT 
MIGRATION  IS  THOUGHT  TO  BE  OF  CONSIDERABLE  VALUE,  SINCE  IT  HELPS  TO  AERATE  THE 
SOIL  AND  ESTABLISH  A  GOOD  CRUMB. 

|T  IS  POSSIBLE,  OF  COURSE,  TO  ADD  FERTILIZER  SUP- 
PLEMENTS TO  THE  LEAF  MOULD  BUT  THE  DEPARTMENT  HAS  DECIDED  AGAINST  THIS  PRACTICE 
IN  THE  BELIEF  THAT  IT  IS  NOT  A  FUNCTION  OF  THE  MUNICIPAL  ADMINISTRATION  TO  COM- 
PETE WITH  ESTABLISHED  BUSINESSES.     LEAF  MOULD  IS  A  PRODUCT  WITH  UNIQUE  CHARAC- 
TERISTICS OF  ITS  OWN,  AND  IN  THE  ORDINARY  COURSE  OF  EVENTS,  NO  ORGANIZATION  15 
AS  LIKELY  AS  THE  CIVIC  ADMINISTRATION  TO  HAVE  A  SUPPLY  OF  IT. 

THE  NEXT  WASTE  PRODUCT  TO  WHICH  WE  TURNED  OUR 
ATTENTION  WAS  GARBAGE.     WE  APPROACHED  THE  PROBLEM  OF  UTILIZING  THIS  MATERIAL 
NOT  AT  ALL  IN  THE  MANNER  OF  DON  QUIXOTE  APPROACHING  HIS  WINDMILLS,  BUT  WARILY, 
LIKE  A  DOG  EYEING  A  SPITTING  CAT.    BEFORE  WE  COULD  DO  ANYTHING  AT  ALL,  WE 
FIRST  HAD  TO  FIND  OUT  WHAT  IT  WAS  WE  WERE  WORKING  WITH.     TO  ACCOMPLISH  THIS  WE 
SET  UP  A  SURVEY  OF  GARBAGE  CAN  CONTENTS  WHICH  AFTER  5  MONTHS  YIELDED  THE  DATA 

shown  in  the  next  slide. 

Average  Composition  of  Household  Garbage 

This  survey  showed  that  in  100  lbs.  of  household 
garbage  we  could  expec~  to  find  on  the  average  25*2  lbs.  table  refuse,  \~f  .q   lps. 
paper  wrapped  arouno  table  refuse,  3 ' •  **  lbs*  0f  °ther  paper,  7'3  lbsl  0f  t ' n 
cans,  5-9  lbs.  of  bottles  and  12.0  lbs.  of  uncl ass  i f i  able  material.   further 

ANALYSIS  SHOWED  THAT  ONLY  23 .  ty6  OR  5-9  LBS   OF  THE  TABLE  WASTE  PORTION  IS  SOLID 
MATTER  SO  THAT  THE  CONCLUSION  IS  UNMISTAKABLE  THAT  WHEN  WE  SPEAK  OF  UTILIZING 
HOUSEHOLD  GARBAGE  WE  ARE  REALLY  FACING  THE  PROBLEM  OF  UTILIZING  A  VERY  LOW  GRACE 
OF  WASTE  PAPER. 

OUR  SURVEY  ALSO  GAVE  US  INFORMATION  ABOUT  THE 
AMOUNT  WE  COULD  EXPECT  PER  PERSON.    WE  FOUNU  lHAT  THE  AVERAGE  OUTPUT  OF 
REFUSE  IS  3.18  LBS.  PER  PERSON  PER  COLLECTION.    OF  THIS  1-55  LBS'  ARE  PAPER. 

There  are  10^  collections  per  year.   From  these  data  we  may  calculate  that 
from  the  Metropolitan  area  of  Toronto,  which  is  a  logical  unit,  we  may  expect 
to  get  from  household  garbage  alone,  the  amounts  shown  in  the  NEXT  SLIDE. 

100,000  tons  of  paper 

as  well  as -   11,700  tons  of  table  refuse  solids 

1*1,350  tons  of  tin  cans 

12,500  tons  of  glass 

These  figures  represent  only  a  minimum  for  three 
reasons,  particularly  if  the  future  is  being  considered. 

(1)  They  do  not  include  contributions  from  indus- 
tries or  retail  establishments.    If  these  were  included  it  can  be  safely  est- 
imated THAT  THE  PAPER  WOULD  BE  AT  LEAST  DOUBLE  THIS  FIGURE. 

(2)  They  do  not  take  into  account  the  fact  that 
household  garbage  grinders  are  now  legal  in  toronto.   th t s  means  that  as  time 
goes  on  and  they  become  more  popular  and  wide-spread  in  use,  the  amount  of 
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table  refuse  which  will  find  its  way  :nto  the  garbage  will  become  less  and  less. 
Proportionately  paper  will  become  more  and  more. 

(3)  They  do  not  take  into  account  the  great  in- 
crease IN  THE  USE  OF  OIL  AND  IN  THE  FUTURE  PR03ABLY  GAS,  FOR  HOME  HEATING.  THIS 
CHANGE  IN  HEATING  HABITS  REMOVES  MANY  INCINERATORS  IN  WHICH  MUCH  PAPER  WAS  FOR- 
MERLY BURNED  IN  THE  HOME  BUT  WHICH  NOW  FINDS  ITS  WAY  TO  THE  GARBABE. 

THE  FIRST  QUESTION  WHICH  NATURALLY  COMES  TO  MIND 

is:   "Why  not  use  it  to  make  more  paper?"   According  to  my  colleagues  in  thosc 
industries  which  use  waste  paper,  the  established  commercial  mechanisms  for  col- 
lecting waste  paper  is  doing  all  that  is  neces5ary,  and  it  would  not  be  conom- 
ically  feasible  to  sort  all  the  paper  collected  in  the  garbage  into  grades  suit- 
able for  re-use.    it  is,  however,  feasible  at  times  to  pick  out  and  bale  the 
Kraft  cartons,  and  this  is  done  when  it  is  warranted.   This  salvageable  port- 
ion of  the  paper,  however,  represents  but  a  very  small  portion  OF  THE  AMOUNT 
available. 

Now  since  paper  is  wood  in  another  guise,  it 
follows  that  the  problem  of  utilizing  the  paper  is  the  same  as  the  problem  of 
utilizing  waste  wood.   This  problem  has  received  a  great  deal  of  thought  ano 
study  over  many  years,  by  many  people.   We  decided  to  do  some  preliminary  and 
exploratory  work  in  the  laboratory  along  some  of  the  lines  which  have  been 
tried  with  wood  waste,  to  see  if  any  of  these  might  possibly  have  merit  when 
applied  to  paper  under  the  economic  conditions  peculiar  to  garbage  disposal. 

|n  general,  two  mooes  of  attack  are  possible'. 
Chemical  and  biological.   We  first  considered  the  possibility  of  chemically 
saccharifying  the  cellulose  of  the  paper.    |t  is  well  known  that  cellulose  can 
be  hydrolysed  either  by  strong  acids  in  the  cold,  or  by  dilute  acids  at  elevat- 
ED TEMPERATURES  AND  PRESSURES.     In  MADISON,  WISCONSIN,  A  MODIFICATION  OF  THE 

original  German  Scholler  process  of  sacchar i fication  has  been  developed.   This 
consists  essentially  of  percolating  dilute  sulphuric  acid  through  wood  chips 
at  about  l+0Ocr.   The  acid,  at  this  high  temperature  hydrolysf.s  the  cellulose 
to  glucose  which  is  recovered  in  the  effluent  after  neutralization  and  evapor- 
ation.    I  HAO  THE  GOOD  FORTUNE  OF  BEING  ABLE  TO  TALK  WITH  SOME  PEOPLE  WHO  HAD 

hao  personal  experience  with  this  process  and  they  were  unanimous  in  their 
prediction  that  because  of  the  tendency  for  tars  to  form  and  plug  up  the  equip- 
ment when  particles  of  wood  smal  ler  than  oiscreet  chips  were  used,  it  would  not 
work  with  paper.   !fl  view  of  this,  we  decided  not  to  experiment  with  this 
method,  but  instead  to  look  into  the  possibilities  which  the  gergius  process  of 
saccha3f ication  might  have. 

Slide 


in  this  process  hyorochloric  acid  concentrated  to 
a  strengh  k)fi   is  used  to  extract  the  wood  in  a  counter  current  fashion.   the 
lignin  if  filtereo  off  ano  the  bulk  of  the  acid  is  recovered  by  evapopation  and 
condensation  and  is  re-used.   the  evaporation  of  the  last  20$  to  dryness  is 
done  by  a  spray  drier.   thf.  resultant  powder  is  given  a  mild  hydrolysis  and 
the  sugar  is  crystallized  out  of  the  syrup  in  the  orthodox  manner. 

When  we  came  to  simulate  this  process  in  the  lab- 
oratory WC  QUICKLY  FOUND  THAT  WHEN  kl%    HYDROCHLORIC  WAS  PASSED  OVER  PAPER,  THE 

surface  of  the  paper  gelatinized  ano  seemed  to  become  rather  impervious  to  the 
acid.   After  some  trials  this  was  overcome  when  we  found  that  by  suspending 
the  paper  in  37jt  acid,  (the  strength  at  which  it  is  ordinarily  sold),  the  paper 


PEPTIZES  READILY.   THEN  WHEN  HCT  GAS  IS  INTRODUCED  AND  THE  STRENGTH  RISES  TO 
lf1#,  SOLUTION  OF  THE  CELLULOSE  IS  VERY  RAPID  AND  THE  L  I GN I N  SEPARATES  AND  PRE- 
CIPITATES. 

THE  LITERATURE  INDICATED  THAT  AFTER  SOLUTION  OF 
THE  CELLULOSE  IN  THE  ACID,  THE  PRODUCTION  OF  SUGARS  WAS  A  FUNCTION  OF  THE  TIME 
OF  STANDING,  AND  THAT  THE  AMOUNT  AT  ANY  TIME  WAS  THE  RESULT  OF  TWO  REACTIONS, 
ONE  BY  WHICH  CELLULOSE  WAS  BROKEN  DOWN  TO  SMALLER  ANO  SMALLER  UNITS,  THE  END 
BEING  GLUCOSE,  AND  THE  OTHER,  BY  WHICH  THESE  SMALLER  UNITS  REFORMED  AGAIN  INTO 
LARGER  MOLECULES  OF  A  CONFIGURATION  DIFFERENT  FROM  GLUCOSE.    MEASURED  AS  RE- 
DUCING SUGARS  THERE  WAS  NO  UNANIMITY  BETWEEN  OTHER  WORKERS*  RESULTS  AND  OURS  A3 
THE  NEXT  SLIDE  SHOWS. 

|T  APPEARED  QUESTIONABLE  IF  THESE  FIGURES  REALLY 
REPRESENTED  REDUCING  SUGARS.    TO  SETTLE  THIS  POINT  WE  INVOKED  THE  TECHNIQUE  OF 
PAPER  CHROMATOGRAPHY  AND  WITH  THIS  TOOL  WE  WERE  ABLE  TO  SHOW  THAT  NO  GLUCOSE 
FORMED  EVEN  AFTER  STANDING  AT  ROOM  TEMPERATURE  FOR  16  HOURS,  UNTIL  THE  MILD 
HEATING  INVOLVED  IN  THE  VACUUM  CONCENTRATION  OCCURRED.    AT  THIS  TIME  SOME  CEL- 
LOBIOSE  WAS  ALSO  PRESENT. 

WE  SIMULATED  SPRAY-DRYING  BY  POURING  A  SMALL  VOL- 
UME OF  CONCENTRATED  MATERIAL  OVER  A  LARGE  SURFACE  UNDER  HIGH  VACUUM  AND  TEMPER- 
ATURES NOT  OVER  *K)0C.    THE  POWDER  OBTAINED  WAS  VERY  HYGROSCOPIC  ANO  EVEN  AFTER 
PROLONGED  VACUUM  TREATMENT  ANALYSED  10JG  BY  WEIGHT  OF  HC1  .    WHEN  FRESHLY  PRE- 
PARED, IT  WAS  LIGHT  GREY  BUT  IT  TURNED  BLACK  AFTER  A  FEW  DAYS  STORAGE.    THE 
INDICATIONS  ARE  THAT  HYDROCHLORIC  ACID  IS  VERY  CLOSELY  ASSOCIATED  WITH  THIS 
PRODUCT,  PERHAPS  EVEN  CHEMICALLY  COMBINED.    WHEN  THIS  MATERIAL  WAS  REDISSOLVED 

in  water  and  hydrolysed  for  1/2  hour  at  15  lbs.  pressure,  cellobiose  was  not 
longer  present.   when  this  hydrolysate  was  treated  with  the  proper  ion-exchan- 
ge resins  and  then  concentrated,  a  reasonably  good  grade  of  sugar  was  obtained. 

This  process  appears  to  be  technically  feasible. 
There  is  a  strong  possibility  that  it  would  compare  favourably  with  inciner- 
ation ECONOMICALLY  EVEN  TO-DAY,  IF  A  STEADY  USE  FOR  THE  SUGAR  WAS  ASSURED,  AND 
A  MUCH  STRONGER  POSSIBILITY  IN  THE  FUTURE  WHEN  PLASTICS  DEVELOPMENTS  MAY  MITI- 
GATE CORROSION  PROBLEMS  IN  THE  RECOVERY  OF  THE  HYDROCHLORIC  ACID.    THREE 
THJNGS  ARE  AGAINST  I T*   THE  L I GN I N  WHICH  CONSTITUTES  3Q#  OF  THE  PAPER  HAS  TO  BE 
UTILIZED  SEPARATELY,  ANO  THE  SPRAY  DRIED  POWOER  FIXES  TOO  MUCH  OF  THE  HYORO- 
CHLORIC  ACID.    THE  LATTER  OBJECTION  CAN  PROBABLY  BE  0»Er_OME  BY  STUDY,  AND  THC 
UTILIZATION  OF  LIGNIN  IS  SOMETHING  WHICH  IS  CONSTANTLY  BEING  THOUGHT  ABOUT,  ANO 
SOMEDAY  NO  DOUBT  WE  WILL  HAVE  MANY  USES  TO  CHOOSE  FROM.    WE  HAVE  NOT  WORKED  CH 
THIS  ASPECT  OF  THE  PROBLEM   BUT  UNTIL  A  USEFUL  OUTLET  FOR  THE  LIGNIN  IS  ASSURED 
THIS  METHOD  OF  UTILIZATION  WILL  NOT  LIKELY  BE  SUFFICIENTLY  ATTRACTIVE  TO  JUST- 
IFY LARGE  CAPITAL  EXPENDITURE. 

ONE  OF  THE  REASONS  WHY  IT  IS  DESIRABLE  TO  SACCHAR- 
IFY PAPER  IN  GARBAGE  AS  A  STEP  IN  ITS  UTILIZATIONS,  IS  THAT  THE  RESULTANT  SUG/.7 
IS  UTILIZED  SO  READILY  BY  MANY  ORGANISMS  WHICH  PRODUCE  USEFUL  ARTICLES  OF  COM- 
MERCE -  SUCH  AS  PROTEIN,  ETHYL  ALCOHOL,  BUTYL  ALCOHOL,  ACETONE,  LACTIC  ACID, 
ACETIC  ACID.    WE  MAY  CALCULATE  AS  AN  EXAMPLE  THAT  IF  THE  CELLULOSE  FROM  20QC00 

tons  of  paper  were  completely  hydrolysed  and  grown  to  yeast  we  could  harvest 
30,000  tons  of  protein.   however,  cellulose  and  to  a  lesser  extent  lignin,  are 
both  directly  susceptable  to  microbiological  degradation,  and  the  question  nat- 
urally arises  "what  useful  products  can  be  produced  microbiologically  directly 
from  garbage,  without  an  intervening  hydrolysis?" 

One  of  the  answers  that  is  frequently  offered  to 
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SUCH  A  QUESTION  IS  THE  SUGGESTION  TO  "COMPOST  IT,  THEN  USE  THE  COMPOSTEO  MATER- 
IAL AS  FERTILIZER."    THERE  ARE  SEVERAL  DIFFICULTIES  IN  THE  WAY  OF  THIS  SOLU- 
TION.  Farmers,  for  example,  have  never  been  unduly  anxious  to  obtain  this 
type  of  material  and  it  is  doubtful  if  haulage  charges  could  be  recovered  be- 
yond the  city  limits  and  certainly  the  market  within  the  city  limits  would  not 
begin  to  absorb  the  potential  supply.   moreover,  although  food  refuse  may  be 
composted  with  relative  ease,  paper  may  not  be.   this  is  due  to  at  least  two 
factors:  Part  of  the  cellulose  in  paper  is  refractory  to  microbial  attach,  anp 
paper  contains  no  nitrogenous  nutrient  for  the  organisms.   to  properly  compost 
paper  requires  a  fair  length  of  time  and  the  addition  of  bacterial  nutrients. 
|t  is  true  that  in  garbage  where  the  ratio  of  paper  to  table  refuse  is  not  too 
high,  composting  to  a  shfe  carbon-nitrogen  ratio  may  probably  be  achieved  with- 
out the  addition  of  nutrients  but,  as  i  mentioned  earlier,  since  the  liklehooo 
is,  in  the  future,  that  the  ratio  of  paper  to  table  refuse  will  get  higher  not 
lower,  conditions  for  easier  composting  are  not  readily  forsecn. 

Indeed,  it  is  not  unreasonable  to  take  thepoint 
of  view  that  if,  in  the  future  table  refuse  is  to  find  application  on  the  soil 
as  an  organic  fertilizer,  it  will  do  so  via  the  route  of  activated  sludge, 
since  the  same  factors  which  tend  to  cut  down  the  table  waste  portion  of  the 
garbage  have  the  effect  of  increasing  the  sludge  recovered  in  the  sewage. 

Although  composting  of  paper  which  is  largely  an 
aerobic  process  is  not  likely  to  be  commercially  successful  on  a  large  scale, 
the  possibilities  of  an  anaerobic  fermentation  using  pure  cultures  of  organ- 
isms to  produce  useful  chemicals  from  the  cellulose  and  also  leaving  a  compost- 
like material  of  l i gn i n  and  nitrogenous  microbiological  remains  must  not  be 
overlooked.   we  know  for  example,  that  in  the  rumen  of  a  cow  the  indigenous 
flor  can  break  down  cellulose  to  sugars  and  acids  which  may  be  used  by  the 
animal  as  food.   what  is  the  possibility  of  producing  such  a  fermentation  in 
a  tank?   Work  at  Ottawa  and  elsewhere  has  indicated  that  it  is  very  difficult 
to  keep  the  rumen  organisms  alive  outside  of  the  intestinal  tract  and  free 
from  rumen  fluid  but  other  workers,  have  indicated  that  some  success  may  be 
achieved  with  soil  organisms  at  thermophilic  temperatures.    at  the  foundation 
we  have  made  some  preliminary  experiments  to  see  what  some  of  the  conditions 
for  the  production  of  volatile  acids  might  be.   the  next  slide  shows  some 
typical  results.   this  slide  shows  the  volatile  acid  produced  from  day  to  day 
as  a  %   of  the  paper,  in  a  medium  which  was  enriched  to  different  levels  with 
amino  nitrogen  supplements,  ph  adjusted  to  7-8  and  held  there  by  suspended 
lime,  with  temperature  held  at  55°^* 

EFFECT  OF  AMINO  N  ADDITION  ON  VOLATILE  ACID 
PRODUCTION 


Expressed  at  %   of  acetic  on  paper 

5-2 
15. 0 

6.G 

These  data  show  two  things:   that  some  sort  of 
organic  nitrogen  is  a  necessary  additive;  that  under  these  conditions  a  peak 
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ACID  PRODUCT. ON  WAS  REACHED  AFTER  WH.CH,  THE  ACID  ITSELF  WAS  USEO  UP. 

An  attempt  was  made  to  isolate  a  causative  organ- 
ism in  PURE  CULTURE  BUT  THIS  ATTEMPT  WAS  UNSUCCESSFUL. 

The  hope  that  direct  fomentation  of  paper  to  use- 
ful PRODUCTS  CAN  BE  BROUGHT  ABOUT  IS  WELL  FOUNDED,  BUT  BEFORE  ANY  "^-«"™L- 

[ed  process  can  be  worked  out,  the  answers  to  the  follows  «u«t'°n*  mu**  °E 
found:   What  organisms  are  suitable?   Can  they  work  alone  ij.  pu*C  «^|My 
What  are  their  nutritional  and  env.ronmental  requirements?   What  ll™l"iHtm' 

CHEMICAL  OR  PHYS.CAL  TREATMENT  WHICH  IS  REQUIRED  TO  MAKE  ALL  THE  CELLULOSE  IN 
THE  UGNIN-CElIuLOSE  COMPLEX  READILY  AVAILABLE?    TO  ANSWER  THESE  QUEST. DNS  WILL 
TAKE  A  DREAT  DEAL  OF  RESEARCH.    WE  MIGHT  ALSO  ASK  OURSELVES  THIS  OU EST.ON  - 
"WOULD  IT  NOT  BE  BETTER  TO  SEEK  A  WAY  OF  TREATING  THE  PAPER  SO  THAT  THE  ENERGY 
OF  THE  CELLULOSE  WOULD  BE  ACCEPTABLE  TO  CATTLE,  AND  LET  THESE  AN.MALS  FUNCT.ON 
AS    PROTEIN  FACTORIES  IN  THEIR  TIME-HONOURED  FASHION? 

|T  must  be  APPARENT  FROM  WHAT  1  HAVE  SAID  that  I 
AM  NOT  ABLE  TO  SUGGEST  ANY  SURE-F.RE  PROCESS  FOR  TURN  I  NO  GARBAGE  I NTO  GOLD . 
|T  MAY  POSSIBLY  BE  THAT  INCINERATION  IS  THE  FINAL  SOLUTION,  BUT  I  DOUBT  JT, 
BECAUSE  .NC.NERAT.ON  IS  DESTRUCTION  AND  THE  GOAL  OF  AND  THE  CHALLENGE  TO 
TECHNOLOGY  IS  NOT  DESTRUCTION  BUT  CREATION. 


* 
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Adopted  By  The  Pollution  Control  Board,  Kay  5,  1953 

By 

Dr.  A.  E.  Berry,  Chairman 


These  objectives  are  for  all  waters  in  the  Province  of  Ontario, 
and  it  is  anticipated  that  in  certain  specific  instances,  influenced  by 
local  conditions,  more  stringent  requirements  may  be  found  necessary, 

G^i  -RAL  OBJECTIVES 

All  wastes,  including  sanitary  sewage,  atom  water,  and 

industrial  effluents,  shall  be  in  such  condition  v/hen  discharged  into  any 
receiving  waters  that  they  will  not  create  conditions  which  will  adversely 
affect  the  use  of  these  waters  lor  the  following  purposes;  source  of 
domestic  water  supply,  navigation,  fish  and  wild  life,  bathing,  recreation, 
agriculture  and  other  riparian  activities. 

In  general,  adverse  conditions  are  caused  by: 

(a)  Excessive  bacterial,  physical  or  chemical  contamination. 

(b)  Unnatural  deposits'  in  the  stream,  interfering  with  navigation,  fish 
and  vild  life,  bathing,  recreation,  or  destruction  of  aesthetic  values. 

(c)  Toxic  substances  and  materials  imparting  objectionable  tastes  and 
odours  to  waters  used  for  domestic  or  industrial  purposes. 

(d)  Floating  materials,  including  oils,  grease,  garbage,  sewage  solids, 
or  other  refuse, 

(e)  Discharges  causing  abnormal  temperature,  colour  or  other  changes. 
SPECIFIC  ODJECTiyas 

In  more  specific  terms,  adequate  controls  of  pollution  will 
necessitate  the  following  objectives  for; 

( a )  Sari tary  Sewage,  Storm  water,  and  Wastes  From  Water  Craft 

sufficient  treatment  for  adequate  removal  or  reduction  of  solids, 
bacterial,  and  chemical  constituents  which  may  interfere  unreasonably 
with  the  use  of  these  waters  for  the  purposes  afore-mentioned. 

Adequate  protection  for  these  waters,  except  in  certain 
specific  instances  influenced  by  local  conditions,  should  be  provided 
if  the  coliform  K.P.N,  Kedian  value  does  not  exceed  2,^00  per  100  ml. 
at  any  point  in  the  waters  following  initial  dilution. 
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(b)  Industrial  ■  aatea 


(l)  Chemical  T  astes  -  Phenolic  Type 

Industrial  waste  effluents  from  ph*  nolic  hydro-carbon 
and  other  chemical  plants  will  cause  objectionable 
tastes  or  odours  in  drinking  or  industrial  water  supplies 
and  may  taint  the  flesh  of  fish-, 

Adequate  protection  should  be  provided  for  these  waters 
if  the  concentration  of  phenol  or  phenolic  equivalents 
does  not  exceed  an  average  of  2  p.p.b.  and  a  maximum  of 
5  p.p.b,  at  any  yx>int  in  these  waters  following  initial 
dilution.  This  quality  in  the  receiving  waters  will 
probably  be  attained  if  plant  effluents  are  limited  to 
20  p.p.b.  of  phenol  or  phenolic  equivalents  * 

Some  of  the  industries  producing  phenolic  wastes  are: 
Coke,  synthit.i;  resin,  oil  refining,  petroleum  cracking, 
tar,  road  oil,  creosotirg,  wocd  distillation,  and  dye 
manufacturing  plants. 

(2)  Chemical  ' astes,  Other  Than  Phenolic 

Adequate  protection  should  be  provided  if: 

(a)  The  pH  of  these  waters  following  initial  dilution  is  not 
less  than  6.7  nor  more  than  8.5.  This  quality  in  the 
receiving  waters  will  probably  be  attained  if  plant  effluents 
are  adjusted  to  a  pH  value  within  the  range  of  5.5  and  10,6 

(b)  The  iron  content  of  these  waters  following  initial  dilution 
does  not  exceed  0.3  p. p.m.  This  quality  in  the  receiving 
waters  will  probably  be  attained  if  plant  effluents  are  limited 
to  17  p. p.m.  of  iron  in  terms  of  Fe. 

(c)  The  odour-producing  substances  in  the  effluent  are  reduced 
to  a  point  that  following  initial  dilution  with  these  waters 
the  mixture  does  not  have  a  threshold  odour  number  in  excess 
of  U   due  to  such  added  material c 

(d)  Unnatural  color  and  turbidity  of  the  wastes  are  reduced  to 

a  point  that  these  waters  will  not  be  offensive  in  appearance 
or  otherwise  unattractive  for  the  afore-mentioned  uses. 

(e)  Oil  and  floating  solids  are  reduced  to  a  point  such  that  they 
wi" 1  not  create  fire  hazards,  coat  hulls  of  water  craft, 
injure  fish  or  wild  life  or  their  habitat,  or  will  adversely 

affect  public  or  private  recreational  development  or  other 
legitimate  shore  line  developments  or  uses.  Protection 
should  be  provided  for  these  waters  if  plant  effluents  or 
storm  water  discharges  from  premises  do  not  contain  oils, 
as  determined  by  extraction  in  excess  of  15  p. p.m.,  or  a 
sufficient  amount  to  create  more  than  a  faint  irridescence. 

Some  of  the  industries  producing  chemical  wastes  other  than 
phenolic  are:  Oil  wells  and  petroleum  refineries,  gasoline 
filling  stations  and  bulk  stations,  styrentf  co-polymer, 
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synthetic  pharmaceutical,  synthetic  fibre,  iron  and  ateel, 
alkali  chemical,  rubber  facricating,  dye  manufacturing, 
and  acid  manufacturing  plants. 

(3)  Highly  Toxic  Pastes 

Adequate  protection  should  be  provided  for  these  waters 
if  materials  highly  toxic  to  human,  fish,  aquatic,  or  wild  life 
are  eliminated. 

Some  of  the  industries  producing  highly  toxic  wastes  are: 
metal  plating  and  finishing  plants  discharging  cyanides,  chromium 
or  other  toxic  wastes;  chemical  and  pharmaceutical  plants  and 
coke  ovens.  Uastes  containing  toxic  concentrations  of  free 
halogens  and  wastas  containing  resin  and  fatty  acid  soaps  are 
included  in  this  category. 

(4)  Deoxygenating  Pastes 

Adequate  protection  of  these  waters  should  result  if 
sufficient  treatment  is  provided  for  the  substantial  removal  of 
solids,  bacteria,  chemical  constituents,  and  other  substances 
capable  of  reducing  the  dissolved  oxygon  content  of  those  waters 
unreasonably.  In  addition  to  sewage  some  of  the  industries 
producing  these  wastes  are:  Tanneries,  glue  and  gelatine  plants, 
alcohol,  including  breweries  and  distilleries,  wool  scouring, 
textile,  pulp  and  paper,  ford  processing  plants  such  as  meat 
pecking  and  dc}iry  plants,  com  products,  beet  sugar,  fish 
processing  and  dehydration  plants. 
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OBJEgTIVSS  FOR  tf  ATER  QUALITY  CONTH0L  IN  MAWITQBA 


L.  A.  KAY 

Director,  Bureau  of  Public  Health 
Engineering,  Province  of 
Manitoba, 
Winnipeg,  Kan. 


The  question  of  suitable  objectives  for  water  quality 
control  hae  enamoured  many  responsible  public  health  authorities; 
and  in  this  regard,  special  mention  might  be  made  of  the  outstanding 
work  of  the  Board  of  Technical  Advisors  to  the  International  Joint 
Commission  and  the  subsequent  report  of  the  Commission  dealing  with 
the  pollution  of  boundary  waters,  and,  more  particularly,  that 
section  concerning  water  quality  control  objectives  as  set  out  In 
the  1951  publication. 

In  the  consideration  of  any  subject  of  broad  general 
significance  to  the  public  health  and  well-being,  it  is  essential 
that  certain  terms  of  reference,  or  limitations,  be  proposed  - 
otherwise,  the  discussion  may  get  out  of  control;  and,  secondly, 
it  is  very  convenient  to  enumerate  certain  pertinent  factors  as 
points  of  common  interest  and  attention,  around  which  may  be  woven 
a  sound  framework  of  plausible  fact,  and  from  which,  eventually, 
certain  useful  deductions  and  practical  formulae  may  be  drawn  and 
devised. 

It  would  appear  that  the  International  Joint  Commission 
objectives  excel  in  this  latter  regard,  in  that  they  propound  a 
realistic  but  flexible  set  of  standards  for  the  comparative 
evaluation  of  the  type  and  extent  of  pollution  then  under  surveyance 
in  the  very  important  industrial  waterways  in  the  vie  Jjii ties  of  the 
St.  Clair,  Detroit  and  Niagara  Rivers,  which,  along  with  other 
bodies,  form  the  International  Boundary. 

The  significance  of  the  objectives  has  already  been 
discussed  very  fully  by  the  previous  speaker;  therefore,  may  I 
suggest  that  we  return  to  the  original  tenus  of  reference  of  this 
paper  and  look  briefly  at  conditions  in  the  Uest. 

The  Manitoba  Scene 

A  glance  at  a  map  of  the  country  and  at  one  of  the 
Province  of  loanitoba  would  indicate  a  rather  peculiar  situation 
in  this  latter  province: 

(a)  There  are  no  International  Boundary  waters,  as  such. 

(b)  There  are  no  major  streams  originating  in  Manitoba. 
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(c)  The  general  topography  forces  the  drainage  in  an 
Easterly  then  Northerly  direction  (except  in  I  he 
1^15 tern  section  where  surface  waters  flow  more  or 
less  directly  North). 
Looking  at  the  picture  another  way,  we  find,  then,  in  rreitoba, 
we  are  dependent  on  the  neighboring  provinces  aiid  states  for 
the  continuing  initial  good  quality  of  our  waterways. 

For  example,  the  Red  "iver  rises  far  to  the  South  and 
enters  the  province  via  North  Dakota,  In  this  regard,  both 
North  and  South  Dakota  and  the  State  of  i'.inne.fsnta  have  co-operated 
in  formulating  a  comprehensive  pollution  rjn'viol  progroia  for  vhat  thoy 
refer  to  as  the  "Red  River  of  the  North".  The  Assir.iboine 
River  has  its  source  in  Saskatchewan,  and  after  crossing  into 
Manitoba,  flows  South  then  Eaut,  and  the  admixture  of  its  waters 
with  those  of  the  Red  follow  the  general  trend  towards  the 
North.  The  smaller  Souris  stream  rises  in  Saskatchewan, 
supplies  water  for  the  town  of  idnot,  North  Dakota,  and  re- 
enters Canada  by  way  of  the  Manitoba  section  of  the  Border. 

The  water  source  for  'Winnipeg  and  environs  is  dr?vn 
from  the  Shoal  Lake  area  of  the  Lake  of  the  Woods.  The  huge 
watershed  of  this  latter  body  is  eventually  drained  to  Northern 
Manitoba  via  the  Winnipeg  River  and  Lake  Winnipeg.  Another 
interesting  example  i3  the  North  Saskatchewan  Ifiver  which  rises 
in  Alberta,  supplies  water  for  one  of  the  Hattlefords,  Prince 
Albert,  and  the  town  of  The  Pas  (in  Manitoba),  and  then  .joins 
the  general  conflux  of  drainage  which  eventually  terminates  in 
the  northern  muskegs  and  the  Hudson  Bay. 

On  a  population  basis,  possibly  300^000  people  (o.  t  of  a 
total  of  lees  than  600,000  in  the  province)  are  supplied  from  the 
Greater  Winnipeg  Hater  District;  another  VX0OO  are  dependent  on 
the  Assiniboine  and  its  tributaries;  one  small  community  now  use3 
the  Red  River  as  a  source,  and  a  few  towns,  of  course,  utilize 
underground  supplies. 

About  one-half  of  the  total  population  is  served  through 
menicipal  or  corporation  systems  from  surface  water  sources,  and 
another  substantial  percentage  of  rural  dwellers  presumably  draw 
water  from  local  streams,  lakes  and  artificial  dugouts.  It  may 
be  r.ecn,  ther3foret  that  the  potability  of  th<?  surface  waterways 
is  very  important  as  far  as  the  health  and  well-being  of  the 
majority  of  the  lianitoba  population  is  concerned. 

The  weather  is  an  important  environmental  factor.  It 
might  be  said  that  we  have  three  seasons  -  winter,  summer,  end  a 
short  Uavri-or-'jus!:  type  or  zone  in  between  each  of  the  extremes. 
For  field  work  purposes,  ve  can  divide  the  twelve-month  survey 
year  into  a  nominal  ice-covered  season,  (say,  December  to  April 
inclusive);  a  high  flow  period  -  extending  from  the  end  of  June 
or  July;  and  a  more  or  less  'normal'  summer-fall  session  when 
the  flow  of  water  may  be  expected  to  be  reasonably  constant. 
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The  fact  that  surface  drainage  falls  rapidly  away 
from  the  centre  of  population  and  eventually  disappears  in 
the  untenanted  Northern  reaches  of  the  province  or  the  salt 
water  of  Hudson  ^ay,  means  tliat  strict  enforcement  of  anti- 
pollution measures  is  at  present  generally  unnecessary  once 
the  urban  centres  are  in  the  background.  A  significant  point 
is  that  we  are  not  concerned  with  the  possibility  of  trans- 
mitting dangerously  contaminated  waters  to  other  states  or 
provinces.  Therefore,  we  are  relieved  of  a  tremendous  burden 
of  moral,  if  not  actual,  responsibility. 

Thus,  in  brief,  you  have  the  picture  in  Manitoba  -  a 
keystone-  shaped  province  dividing  the  country,  with  almost 
half  its  population  located  within  a  hundred  miles  radius  of  the 
City  of  Winnipeg;  the  rocks  and  evergreens  of  the  Pre-Cambrian 
Shield  intruding  on  the  East  and  Northeastern  areas;  whilst,  in 
the  other  direction,  the  great  level  prairies  extend  through 
and  past  the  Province  of  Saskatchewan;  rivers  and  streams  which 
rise  everywhere  but  in  iianitoba,  and  eventually  drain  into  the 
Northern  muskeg,  and  an  extreme  of  temperature  which  is  popular 
only  with  the  natives. 

THE  itlSLATIJE  POSITION  OF  WATJg  QUALITY  STANDARDS 

Broadly  speaking,  if  empirical  standards  of  water  quality 
were  to  be  utilized  in  Manitoba,  there  would  be  created  an  unfair 
and  non-uniform  financial  burden  on  half  the  sewered  municipali- 
tiec,  including  industrial  townsites,  in  the  province,  hanitoba 
is  economically  young,  very  sparsely  settled,  and  only  new 
beginning  to  accentuate  and  encourage  industrial  expansion.  The 
increasing  significance  of  natural  oil  and  gas  reserves  in  the 
mid-western  section  may  ultimately  threaten  the  importance  of 
the  hitherto-leading  grain,  mineral,  fish  and  timber  resources; 
but,  meanwhile,  the  patchwork  application  of  water  pollution 
control  is  relatively  unsightly  but  effective. 

Statutes 

The  authority  for  pollution  control  measures  has  been 
considered  from  the  twofold  angle  of  protection  of  the  public 
health  and  conservation  of  a  great  natural  resource,  icegulatlons 
made  pursuant  to  "The  Public  Health  Act"  ensure  minimum  hazard 
to  the  safety  and  well-being  of  the  citizens  -  but  strict  and 
effective  control  of  surface  water  usage  as  a  medium  for  waste 
treatment  and  disposal  ia  vested  in  a  Provincial  Sanitary  Control 
Commission  set  up  under  the  terms  of  "The  Pollution  of  Waters 
Prevention  Act"  administered  by  the  department  of  Mines  and 
Natural  Resources. 

This  legislation  is  quite  significant.  In  Part  1  prov- 
ision is  made  for  a  requirement  for  the  licensing  of  any  agency 
discharging  or  draining  any  sewage  or  waste  into  any  body  of 
water.  A  second  division  deals  with  the  organization  and  powers 
of  the  Provincial  Sanitary  Control  Commission;  Part  HI 
comprises  the  framework  for  enabling  the  creation  of  sewage 
disposal  districts  (e..g,,  The  Greater  Winnipeg  Sanitary  District), 
and  another  section  deals  with  the  resultant  powers  of  sewage 
districts  once  they  may  be  orgenizsd. 
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By  this  system  of  dual  legislation  and  administration, 
the  supervision  of  the  installation  of  imim  cipa.1  waterworks 
and  sewerage  projects  still  remains  v'th   the  bonartnent  of 
Haalth;  \mt  the  onus  of  dividing  the  natural  capacity  of  the 
surface  water  courses  in  an  equitable  manner  is  placed  in  the 
hands  of  an  impartial  Commission,  which,  in  turn,  i3  empowered 
to  hire  such  engineering  and  other  skills  as  are  deemad" 
necessary  for  the  effective  working  of  the  Comrrlssion. 

Policy 

Kith  the  humble  realisation  that  law3  in  themselves  are 
not  always  effective,  and  that  too  many  rul.es  and  regulations 
may  defeat  the  primary  purpose  of  any  legislation,  it  was  decided 
to  formulate  a  policy  which  might  serve  aa  an  interim  guide  to 
the  adr.ir.ist ration  of  an  effective  program;  which  could  ba  used 
to  evaluate  the  claims  of  U3»r~agencie3;  and  which  would  event- 
ually result  in  the  uniform  and  reasonable  use  of  our  surface 
waier  courses  to  the  maximum  economic  limit  without  abuse,  with 
minimum  offeree,  and  without  undue  jeopardizing  of  the  natural 
beauties  of  the  streams. 

This  policy  was  first  published  late  in  1953,  and  miy 
be  re-examined  and  modified  or  enlarged  at  any  time.  Meanwhile, 
it  serveo: 

(i)  To  *  plain, 

-  the  need  for  diversified  control 

-  the  importance  of  conservation  of  this  ncn-wasting 
asset 

-  the  various  types  of  claims  for  usage  of  the  water 
potential 

(ii)  To  propound, 

-  a  general  basis  for  administering  statute  and 
regula tions 

-  the  nen-j  for  tangible  it:  iiceo  of  pollution 

-  the  importance  of  continuing  river  surveys 

-  a  list  of  certain  principles  basic  to  the 
roasonable  application  of  the  program 

-  a  scheme  for  the  uemporary  or  permanent  down- 
grading or  zoning  of  a  "graded11  water  course 

-  standards  for  both  effluents  and  diluting  waters 

(iii)  To  propose. 

-  the  licensing  of  major  user-agencies 

-  the  grading  of  all  larger  water  courses 

-  the  preparation  of  detailed  pollution  indices 

-  the  empirical  definition  of  certain  categories 
of  municipal  sewage  treatment  processes 

AND  (iv)  To  outline  future  planning, 

-  in  regard  to  ths  Greater  Wirnipeg  Sanitary  District 
and  other  m^.jor  agencies  of  concern 

-  concerning  possible  re- examination  of  relative 
statutes 

-  of  surveys  and  grading  of  all  pertinent  provincial 
waterways, 


Application 
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It  may  be  seen  that,  in  the  practical  application  of 
a  Manitoba  pollution  control  program,  it  is  proposed  to  utilize 
the  better  features  of  both  generally  recognized  expedients  of 
stream  classification  and  of  water  quality  standards  without 
prejudice  or  discrimination  one  way  or  another.  These  methods 
are  termed  'expedients'  advisedly,  since  there  is  a  danger  that 
the  tro  arbitrary  enforcement  of  either  of  these  control  critoria 
may  defeat  the  ultimate  purpose  of  the  entire  program;  and  their 
use  must  be  leavened  by  judicious  interpretation  in  view  of 
local  conditions  of  economics,  topography,  population,  etc. 

It  is  granted,  however,  that  the  listing  of  objectives 
for  water  quality  control  is  the  essential  base  for  the  planning 
of  an  effective  program.  Further,  we  should  be  prepared  to 
re-examine  and  alter  these  desirable  standards  from  time  to 
time  along  the  lrines  dictated  by  the  motivation  of  adequate 
protection  of  public  health  and  well-being,  the  retention  of 
desirable  aesthetic  condition,  the  conservation  of  a  great 
natural  heritage,  and  the  industrial  econony  cf  the  province* 

As  the  control  program  develops,  the  value  of  river 
surveys  and  subsequent  classification  or  grading  assumes 
increasing  stature  (although  thers  may  be  some  argument  on 
this  point).  It  i3  a  fact  that  probably  in  every  province  and 
in  every  state  there  are  streams  and  lakes  which  are  hopelessly 
defiled  and  can  never  be  recovered  to  their  original  state. 
The  Control  Commission  recogrize3  this  condition,  and  is  prepared, 
failing  any  other  practical  solution,  to  down-grade  such  water 
courses  permanently  as  unfit  for  potable  water  supply  and  any 
other  normal  usage  other  than  waste  disposal. 

On  the  other  hard,  by  setting  a  classification  of  a 
now  attractive  and  useful  stream  at  a  higher  grade,  notice  is 
served  on  industry  and  the  public  alike  that  it  is  the  firm 
intention  of  the  authorities  to  preserve  the  usefulness  and 
attractive  properties  of  that  stream;  and  that  while  some  abuse 
may  have  been  allowed  in  the  past;  and  notwithstanding  the  fact 
that  some  use  may  be  made  of  the  diluting  and  treating  capacity 
of  the  stream  in  question,  the  degree  of  usage  and  the 
distribution  of  such  benefits  is  a  matter  of  governmental 
concern  in  the  interests  of  the  province  as  a  whole. 

TECHNICAL  RSQUIEEI.ENTS  FOR  V'i-.TER  CONTROL 

There  would  appear  to  be  a  pre-di^positiop,  especially 
among  engineers  and  other  skilled  professionals,  to  become  too 
enthusiastic  over  the  technical  intricacies  cf  the  solution  of 
pollution  problems,  with  the  result  that  sooner  or  later  an 
elaborate  organization  may  be  required  to  carry  out  the  pre- 
liminary stages  of  an  effective  program. 

Again,  the  many  interesting  features,  especially  in 
the  industrial  field,  may  sometimes  overshadow  the  prime 
purpose  of  the  investigation  and  survey  in  the  avcrfed  object 
of  maintaining  good  water  quality. 
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Self-Policing 

In  order  to  avoid  these  obvious  difficulties,  the 
Manitoba  plan  has  been; 

(i)  to  license  major  polluting  agencies 
(».i)  in  conjunction  with  industry,  to  formulate  certain 
•tracers'  (such  a3  phenol  in  the  refinery  business) 
the  incidence  and  quantity  of  which  can  be  readily 
examined  by  the  use  of  procedures  outlined  in  standard 
Methods , 
(iii)  To  i-squire  the  particular  industry  to  provide  its  otm 

technical  staff  and  facilities  for  routine  effluent  and 
receiving  water  tests* 

In  this  way,  the  technical  staff  of  the  Commission  may 
be  kept  at  a  mirvJ.BJ'sa,  industry  is  protected  by  having  a  licence 
to  do  certain  things  and  dif?cnarge  wastes  of  certain  tjrpes  into 
the  stream,  self-policing  is  carried  out  by  the  concerned 
company,  and  by  the  use  of  a  readily  identifiable  tracer.. the 
periodic  retu'/ns  required  from  industry  may  be  checked  by  in- 
frequent concurrent  dual  sampling  and  subsequent  analyses. 

Industrial  y?.  Municipa  1  Sew-"  p  -•■ 


The  vater  of  a  stream  subject  to  contamination  by  raw 
municipal  sewnge  my  generr-.Ily  be  re- conditioned  and  purified 
for  domestic  consumption  without  any  particularly  complex 
manoeuvres.  The  ability  of  the  water  ccurse  to  re-  .tabili.ze 
itself  is  quite  marked  -  particularly  if  there  are  any  rapids 
or  other  obstructions  preaent  in  the  channel  to  create  turbulence 
and  assist  in  the  aeration  of  the  suspended  materials. 

On  the  other  hand,  the  consideration  of  an  industrial 
effluent  is  usually  a  much  more  comprehensive  matter,   In  the 
first  place,  the  user-agan^y  is  a  private  or  corporate  body  rather 
than  a  public  one;  secondly,  each  individual  plant  seems  to  be 
able  to  produce  a  different  and  nore  complex  waste  than  its 
predecessor  or  contemporary.  In  addition,  seme  of  the  mere 
obnoxious  ccmpoind3  in  th-se  industrial  effluvia  seem  to  be 
able  to  persist  indefinitely  without  disintegration,  and,  in 
effect,  without  losing  the  power  of  disrupting  normal  potable 
water  treatment  procedures. 

The  complexity  of  the  industrial  problem  emphasizes  the 
fact  that  pollution  control  authority  ehould  be  prepared  to 
provide  technical  information  and  possibly  consultative  assist- 
ance to  municipal  u;jer~agenai63,  but  should  ask  industry  to 
work  out  it3  ovrh  sol";'ioii3  whilst  affording  the  latter  some 
protection  in  the  form  of  a  licence  to  discharge  waste,  and 
definite  yiilanco  b;:  incorporating  in  that  licence  the  general 

and  specific  roquir^icntcj  in  ix-gord  tc  effluent  and  diluting  uator 

quality. 
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Local  Conditions 

Some  of  the  conditions  peculiar  to  Manitoba  may  be 
utilized  ultimately  to  some  advantage  in  lessening  the  degree 
of  required  treatment  for  both  industrial  and  domestic  wastes. 
As  noted  at  the  beginning  of  this  paper,  there  are  no  further 
"sanitary  customers »  for  the  water  courses  once  the  rivers  and 
streams  have  proceeded  beyond  the  larger  centres  of  population. 

The  long  period  of  ice  cover,  whilst  detrimental  to  the 
process  of  natural  pollution  assimilation,  may  yet  be  found 
holoful  to  accommodate  the  off-season  discharge  of  otherwise  too 
concentrated  high-B.O,D.  pollution  loads,  although  any  planning 
in  this  regard  will  have  to  be  done  with  a  view  to  the  prevalence 
and  significance  of  local  sport  fishing.  The  substantial  increase 
in  velocity  and  volume  of  our  rivers,  due  to  spring  runoff, 
undoubtedly  assists  in  the  periodic  scouring  of  sonis  of  the 
channels  which  might  otherwise  be  the  source  of  warm  weather 
offence  And  possibly  health  hazard.  Unfortunately,  another 
by-product  of  these  high  flow  rates  is  the  possibility  of 
flooding  which  seems  to  have  been  a  consistent  menace  in  the 
last  few  years. 

SUMMARY 

In  concluding  this  short  talk  on  objectives  for  water 
quality  control  in  Manitoba,  I  would  like  to  refer  to  a  state- 
ment contained  in  a  publication  of  the  U.S.  Health  Service  en- 
titled A  COMPREHENSIVE  PROGRAM  FOR  LATER  POLLUTION  CONTROL  FOR 
THE  RED  RIVER  OF  THE  NORTH  BASIN.  The  statement  follows; 

"The  controlling  water  quality  criteria  for  the  main  stem 
of  the  Red  River  of  the  North  is  the  protection  of  the 
water  supplies  of  the  municipalities  which  are  dependent 
on  the  stream  as  a  source  cf  water,  while  the  controlling 
criteria  of  the  remainder  of  the  drainage  basin  varies 
with  the  use  to  which  the  waters  are  put." 

The  same  principle  is  being  followed  in  Manitoba, 
augmented  by  a  policy  of  licensing  major  user-agencies  and 
grading  the  more  important  water  courses  in  the  hopeful  expect- 
ation that  industry,  the  municipality  and  the  private  citizen 
are  being  given  a  reasonably  fair  share  of  the  inherent  value 
of  this  natural  resource. 

The  subject  of  drouth  and  consequent  low  stream  Dews 
has  purposely  been  emitted  from  this  discussion,  huch  of  our 
persuasive  planning  for  municipalities  and  others  is  based  on 
long-term  implementation  -  usually  of  three  to  five  years 
duration,  m   the  meantime,  severely  curtailed  river  fl°ws 
coul^  be  very  awkward,  if  not  troublesome.  The  terms  of  the 
Control  Commissicn  licences  include  a  reference  to  this 
possibility  and  the  fact  that  existing  requirements  might  have  to 
be  drastically  altered  under  such  circumstances. 
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by  HR.    i).    P.     SCOTT, 

Deputy    Commissioner 
of   \orks,    (Drainage 
Division),    Municipality 
of    i-iotro  polit  an    Toronto. 


(a)      Domestic         (b)       Gt 


orm 


( c )       Indus  trial 


In    recent    years    th"    rapid   growth   of    our   urban   and 
industrial    centres    demands    that    adequate    sewage   treatment 
facilities   be    installed    to    preclude    the    pollution   of    our 
rivers    and   lnkrs   '-.nich   are  t  he    source    of    our    water    supply 
and    are    valuable    recreational    assets.      With    the    growth 
in    importance    cf    sewage    treatment    has    come    research    into 
methods    Lo    improve   that    treatment     and    reduce    its    cost. 
Cne    of    the    major    treatment    problems    has    proven    to     be    water- 
borne   industrial    wastes.      Studios  of  thii   problem   are 
being    carried    out    across    th?    con t in en t ,    and    several    codes 
to    control    discharge   of    lhe.-,e   materials    have    been    recommend- 
ed,    adopted  and     rewritten   by   various    cent  re  r,    in    the    past 
few   months.       Proposed    codes    have    been   discussed    at    many 
technical    c onf er ences such    as    this    with    increased    concern 
and    appreciation    of    the    problem.      Industrial    waste    then, 
and    its    control,    is    a   matter    of   prime    interest,    not    only 
to    the    body    which    must    provide    the    treatment    facilities, 
but    also     to    industry    itself    vjhi  ch   uses    the    municipal 
sewers    and    treatment    plants. 


It    is    the    purpose    of    this    paper    to    review    the    factors 
which    shoub!   be    considered    in    the    establishment    of 
effective    regulations    for    controlling    the    discharge 
cf    industrial    wunt.e    into    municipal    sewer    systems.       A 
review   of    existing    regulations    for    municipalities    on 
this    continent    and    I  hi     problems    associated    therewith 
makes    it    apparent    that    a    single    regulation    which    will 
apply    to    ajl    1  oc  a  I  i  I  i  e -    and    situations    cannot    be    drawn 
up    because    each    individual    caao    may    differ    somewhat, 
depending    on    the    sirui    of    the    municipality,    the    design 


of    the    sewer    sv 


em  . 


the    number    and    type    01    industries 


and    nature    of    the    treatment    plant    or    plants: 

It    is,    perhaps,    th°    duty    of    a    municipality    or 
sewerage    district    to    accept    and    treat    all    liquid    wastes 
originating   within    the   tributary    area   which   do    not    cause 
damage   to    sewers    or    affect    treatment    plant    operation. 
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If,    at   times,    a   certain  waste   must   be    excluded,    it    should 
not    be    done    on    an  arbitrary  basis,    but    rather    for    sound 
ana    just    reasons.      In   order   to   determine   the    acceptability 
ol    a   waste,    it   is  necessary    for   a    comprehensive    investi-   " 
gation   to    be    undertaken.       Some    reasons    for    discharging    all 
wastes,    within    acceptable    limits,    to   the   municipal 
sewerage   system,    are   as   follov/s:- 

1.  Better  control  is  achieved  in  one  combined 
plant,  rather  than  in  a  number  of  separate 
smaller    plants, 

2.  It    is    sometimes   more    economical    to   treat   a 
combination  of  industrial  wastes    and   domestic 
sewage    than    to    treat    each  one    independently. 

3.  It   relieves    industry,    as  much    as   possible, 
from  the    responsiblity    of   treating   its   wastes, 
which    in  nost    cases   would   require    highly 
trained   technical    personnel. 

Treatment   in    a   large   plant    is    invariably   cheaper 
than    in   separate    smaller    units,    because    unit   costs    for 
both    construction    and    operation    are    reduced    as    the    size 
increases.       In   addition,    it    is    sometimes    beneficial    to 
treat    industrial    wastes   in    association    with   domestic 
sewage    because    of    dilution,    flow    equalization,    blending 
and   other    factors.  6 

a    v,u    ^LaTge   treatment    plants   such    as    our    Main   Plant    at 
Ashbridge's  I^.y   warrant    the    employment   of    better    qualified 
inen    than    smaller    plants;      as   a   result,    better    operation 

tPnhn?       r      1S    aCf"Jed"       In   ver^    Sffia11    industrial   plants 
technical   men    qualified    for   the   treatment    of    waste    would 
usually  not   be    available. 

If   industry   is    permitted    to    discharge    its   water- 
borne   waste   to    the   public    sewer    system,    then    it   must   be 
prepared    to    co-operate   with    the   public    agency   in    solving 
mutual    problems    which  may    arise.      Whethe?   industry   in- 
quired   to   bear   a    fair    share   of    the    cost    for    treatment    of 
its   waste    is   a    matter    for    decision   by   the   municipality 
concerned        It    is    recognized    that    there    should  be   some 
measure    of    control   if    industrial    wastes    are    to    be   discharg- 
ed   to    the   municiapl    system.      Three    alternatives   which  may* 
be    considered    are    as   follows: 


1.      No   restrictions   whatsoever,    and    the 
indiscriminate   discharge  of  all   waat 


es 
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2.   Detailed  and  inflexible  regulations 

governing  the  discharge  set  out  by  the 
local  municipality. 

3i   A  set  of  minimum  regulations,  which  would 
remain  in  effect  unless  special  permission 
were  granted. 

Without  regulations  there  is  no  protection  for 
the  municipal  sewerage  facilities  and  therefore  the  first 
alternative  would  not  merit  our  further  consideration. 

The  second  alternative  has  been  adopted  by  a  number 
of  municipalities,  both  in  the  United  States  and  in  Canada. 
In  these  instances  the  regulations  are  spelled  out  in  detail 
and  are  justified  particularly  where  the  treatment  plant  is 
overloaded  or  the  sewer  system  has  inadequate  capacity. 

The  third  alternative  is  one  which  is  gaining  in 
popularity  as  it  permits  the  maximum  use  of  the  municipal 
sewage  treatment  facilities,  and  at  the  same  time  permits 
such  control  as  is  necessary  to  gain  the  maximum  efficiency 
in  the  operation  of  these  works. 

XXX 

There    are    certain   factors    which   must   be    included 
in    any    sewer    regulation,    and    which    should    prove 
adequate    without    specific    conditions    and    requirements. 
These    are    predicated   on   the    principle    that    the    regulatory 
agency    would    have   the    right    to    and    would    exercise    its 
authority    on   the   basis   of    factual    information    and    sound 
judgment . 

XXX 

Experience  dictates  that  restrictions  on  waste 
discharged  to  municipal  systens  should  include  a  number, 
if  not  all,  of  the  following: 

1,  No  surface  drainage  to  the  sanitary  system 
without  special  permission. 

2,  No  solid  materials  which  will  t3nd  to 
damage  st  rue  Lures  or  settle  out  in  the 
sewers. 

3,  No  oils,  tars,  greases  or  other  organic 
or  inorganic  material  which  will  tend  to 
cling  to  the  sides  of  pipes  thus  impairing 
their  capacity. 
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4«  No  oils,  petroleum  products  or  other  inflammables 
or  explosive  materials, 

5.  No  poisonous  or  toxic  materials  hazardous  to  life 
or  plant  operation. 

6.  No  materials  which  may  be  destructive  to  sewers 
or  plant  structures. 

7.  No  wastes  which  create  noxious  conditions  that  may- 
cause  the  public  any  discomfort. 

8.  No  material  which  will  seriously  disrupt  the  efficient 
operation  of  the  treatment  plant. 

In  the  implementation  of  any  Control  Program  certain 
'mation  should  be  obtained,  arid  certain  requirements 
inventory  of  all  industries  and  businesses, 


pretreatment  or  flow  equalisation  may  be  required,  or  the 
right  to  prohibit  discharge  of  wastes  having  a  deleterious 
effect  on  sewers  or  sewage  treatment  plants  must  be  reserved. 

To  underline  the  remarks  and  suggestions  made,  and  to 
justify  the  expressed  opinion  that  certain  regulations  are 
required,  a  brief  summary  of  some  case  histories  in  the 
Metropolitan  Toronto  Area  should  be  helpful. 

damage  to  sewers 

Acid  wastes  from  the  plating  operations  of  a  battery 
manufacturer  caused  failure  of  a  9-inch  vitrified  tile  drain, 
resulting  in  a  road  sinkage.  Although  the  cement  mortar  in 
the  joints  was  first  affected,  the  pipe  itself  showed  ex- 
tensive corrosion.  Uhere  this  drain  dropped  into  a  concrete 
horseshoe  sewer,  the  effect  of  the  acid  waste  was  very 
evident  in  the  spalling  of  the  concrete  downstream  from  the 
point  of  connection. 

I  have  for  exhibit,  a  piece  of  concrete  pipe,  which 
once  formed  a  part  of  a  sewer  serving  a  f ich-processing 
industry.  The  sulphuric  acid  used  in  recovery  of  fats  reduced 
the  pH  of  the  plant  effluent  to  2.5,  causing  disintegration 
of  the  sewer  invert  and  collapse  of  the  pipe. 

£i£CKAGE_OF_SEWERS 

The  chief  offender  in  this  respect  is  accumulation  of 


-166  - 


fats  and  greases,  which  in  many  cases  represents  a  direct 
loss  to  the  industry  discharging  the  material,  When  the 
accumulation  of  grease  is  coupled  with  collection  of  hair, 
wooletc.  some  serious  blockages  can  result  in  short  periods 
of  time. 

In  one  instnce  lard  from  a  food  processing  plant  blocked 
a  sewer  flooding  a  neighbourhood,  a  dealer  in  cloth  wipers, 
causing  him  considerable  damage.  In  another  case,  wastes  from 
a  f ell mongery,  combined  with  that  from  a  pork  packer, 
regularly  blocked  the  sewer  serving  them.  Occasionally,  whole 
hides  of  cattle  and  sheep  have  reached  the  screens  of  a 
sewage  pulping  station.  One  station  had  its  screen  blocked 
regularly  hy  a  Rummy  mass  of  vegetable  oils,  which  was  traced 
to  the  discharging  firm  who  were  not  aquainted  with  their 
losses  until  th^y  were  notified  of  them.  Intercepting  equip- 
ment was  installed  shortly  thereafter. 

One  company,  due  to  loss  of  foundry  sand  from  its 
operations,  blocked  a  large  sewer  and  caused  flooding  of 
several  lateral  stwers,  as  the  sand  deposit  extended  for 
several  blocks  downstream.  Cost  of  removal,  which  wis  in 
excess  of  #1500,  was  charged  to  the  offender  by  the  City  of 
Toronto,  a3  is  the  custom  in  such  cases. 


DISRUPTION  OF  SEWAGE  TREATMENT 


catt 
if 

and  tough  causing  the  digestion  tank  capacity  to  be  greatly 
reduced  and  thus  prevent  effective  treatment. 

A  small  plant  naturally  is  more  sensitive,  and  therefore 
more  vulnerable,  to  unusually  heavy  discharges  of  strong 
industrial  waste.  One  of  our  small  plants  of  0,75  m.g.d. 
capacity,  wa3  at  one  time  seriously  handicapped  by  the  dis- 
charge of  calcium  lignosulphonate .  At  another  plant  of  3.0 
m.g.d,  capacity,  the  total  plant  effluent  was  so  affected  by 
dumping  of  lye  vats  at  a  nearby  soap  factory  that  its  pH  was 
11  and   its  5  day  U.O.D.  rose  to  2100  p. p.m.  During  the 
canning  season,  sludge  pumping  was  tripled  at  this  same  plant. 

Discharges  such  as  these,  unless  controlled  as  to  volume, 
strength  and  periods  of  discharge,  cause  equipment  failures  and 
can  very  soon  put  a  small  plant  out  of  commission. 

HAZARDS 

Some  wastes  are  definitely  hazardous  to  personnel  engaged 
in  sewer  maintenance  and  sewage  treatment  work,  In  this  class 
are  cyanide  wastes,  solvents,  sulphides,  gasoline,  etc. 
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Gasoline,  fortunately,  does  not  frequently  occur  as  a 
waste,  but  it  does  find  its  way  into  sewers  by  leakage  or 
spillage  and  infiltration.  One  case  of  infiltration  was 
caused  by  a  leaking  underground  tank  at  a  rervice  station. 
The  measured  loss  over  a  period  of  36  hours  was  1,500  gallons 
of  gasoline  which  caused  a  very  dangerous  situation  in  a  wide 
area,  besides  giving  rise  to  headache  and  nausea  among  occu- 
pants of  buildings  with  defective  drain  traps.  Another  similar 
instance  occurred  recently,  when  a  leak  in  a  pressure  oil 
pipe  line  along  the  Don  River  allowed  gasoline  in  quantity 
to  enter  an  adjacent  storm  sewer.  Fumes  found  their  way  into 
the  sanitary  system  of  a  large  factory  nearby   and  thence 
passed  into  the  sanitary  sewer  in  a  very  highly  explosive 
mixture.  Fortunately  the  situation  was  corrected  without 
inci  dent , 

At  another  of  our  smaller  plants,  personnel  were  serious- 
ly affected  by  solvent  discharges  from  a  paint  factory.  In 
addition,  men  have  been  overcome  while  working  in  sewers 
carrying  waste  from  manufacturers  of  printing  ink  and  from 
biological  laboratories,  although  we  now  preclude  a  repetition 
of  this  by  utilization  of  specialized  testing  equipment. 

Discharges  of  toxic  material  to  open  watercourses  con- 
stitute a  hazard  to  children  and  to  animals.  In  one  case, 
an  autopuy  performed  on  three  head  of  cattle  found  dead  by 
a  stream,  and  anlysis  of  the  water  disclosed  cyanides  in 
lethal  quantities  in  the  stream, 

SUMMARY 

Having  examined  in  some  detail  specific  cases  of 
troublesome  industrial  wastes,  let  us  consider  the  steps 
being  studied  by  the  Municipality  of  Metropolitan  Toronto 
to  institute  some  measure  of  control  over  them* 

Regulations  will  have  to  take  into  account  the  existence 
of  combined,  sanitary,  and  storm  sewers  in  this  area.  Since 
storm  sewers  discharge  directly  to  watercourses,  rivers  or  lakes, 
the  material  permitted  to  enter  them  will  have  to  be  rigidly 
controlled.  At  the  peak  of  the  dry  season,  quite  frequently 
the  only  flow  in  some  of  our  streams  is  that  entering  from 
sewers  and  sewage  treatment  plants,  therefore  the  need  for  a 
high  standard  i3  self  evident. 

Discharge  to  sanitary  and  to  combined  sewers  will  be 
open  to  the  consideration  outlined  earlier  in  this  paper, 
that  is,  the  proposed  waste  will  be  analyzed  and  its  effect 
on  the  system  as  a  whole  taken  into  account. 

Basically,  then,  some  determination  of  what  limits  will 
be  established  is  necessary.  The  Federation  of  Sewage  Works 
Association,  in  its  Manual  of  Practice  No,  3,  Municipal  Sewer        jj 

i 


i 
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(1949)  a  Model  Ordinance,  outlines  a  foundation 
code  might  be  based.  But  variations  will  have  tt 


Ordinances 
on  which  a 

be  incorporated  to  allow,  perhaps  under  special  permit,  dis- 
charges in   excess  of  the  limits,  if  maximum  use  of  the 
sewer  system  and  treatment  facilities  are  to  be  made,  thus 
reducing  to  a  minimum  treatment  installations  operated 
independently  of  those  under  the  control  of  the  municipality. 

Krora  the  determinations  made  to  date,  it  would  appear  that 
the  flows  tabulated  below  might  be  accepted  without  question; 
flows  beyond  these  limits  require  special  consideration  in 
each  case,  based  on  all  local  factors  involved,  that  is  the 
sewers  and  flows  therein,  t.ht  type  of  treatment  plant,  its 
capacity,  the  receiving  waters  Tor  the  effluent  and  other 
pertinent  data  -  vizi- 

1,   Range  of  pH,  5.5  to  9.0  Temperature  below 

150°F. 
2i   Effluents  to  Storm  Sewers; 

"day  B.O  .D. 

Suspended  solids 

Cyanides,  metallic  salts, 
sulphides 

Mineral  oils,  tar,  grease 

Phenol s 

3«   Effluents  t°  ,  Sanitary  jewers 

5  day  B.D.U*"*  ~300  p. p.m. 

Suspended  solids  350  p. p.m. 

(all  passing  |'B  mesh) 
Total  fats  by  weight         100  p. p.m. 
Cyanides,  metallic  salts, 

sulphides  5  p. p.m. 
Mineral  oils,  tar,  grease  10  p. p.m. 
Phenols  5  p.p.  billion 


10-20 
3  50 

p  1  P  .  !Tl  . 

p .p.m. 

5 
10 

5 

P  .  P  .ID. 

p .p .m . 

p.p.    billion 

Pro 

of 

to 


•vision  by  industry  of  facilities  for  sampling 
waste  waters,  such  facilities  to  be  accessibli 
municipal  authorities  at  any  reasonable  time. 


The  use  of  garburetors  or  garbage  comminutors  is  pro- 
hibited in  Metropolitan  Toronto  at  the  present  time,  due  in 
part  to  lack  of  capacity  in  the  seventeen  sewage  plants 
which  serve  the  Metropolitan  Krea. 

At  present,  our  program  is  one  of  acquainting  industry 
with  the  problem  involvod,  and  of  the  savings  and  benefits 
that  may  be  derived  through  a  sound  approach  to  the  entire 
matter  of  industrial  waste  discharge..  Much  remains  to  be 
accomplished,  but  progress  is  gradually  being  made  towards  the 
establishment  of  a  by-law  which  will  form  a  foundation  on  which 
will  be  built  a  code  permitting  a  maximum  and  efficient  use  of 
the  existing  municipal  sewage  facilities,  without  unnecessary 
expenditure  by  either  industry  or  the  public  at  large. 
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AN  EXAMPLE  GF  ASSOC  I  ATI CjN  i  ISEARCH  APPLIED  TO  AN 


INDUSTRIAL  WASTE  PROBLEM 


-  The  Sulphite  Pulp  Manufacturers'  Research 
League,  Inc.  - 

-   By   - 


DR.  AVER  ILL  J.  W I  LEY 
Technical  Dsrector 
The  Sulphite  PuIp  Manufacturers* 
Research  League  Inc. 
Appleton ,  Wise, 


Research  and  development  of  processes  for  treating 
industrial  wastes  can  usually  be  expected  to  present 
difficult  prodlefls  and  their  solution  is  apt  to  be 
expensive,  since  these  effluents  are  the  final  residues  from 
manufacturing  operations  for  which  no  practical  value  is 
known,  or,  alternatively,  for  which  the  cost  of  recovery 
exceeds  known  value.   under  such  conditions,  research  and 
development  on  industrial  waste  problems  may  be  considered 
a  matter  of  choosing  as  wisely  as  possible  from  three 
pr!  nc  ipal  pathways: 

1,  Finding  new  and  greater  by-product  values  from 
the  residue,  or 

2,  Reducing  the  cost  of  recovering  values  therefrom, 
or  f  i  n ally , 

3,  Developing  practical,  economical,  and  inoffensive 
methods  for  disposal. 

Sustained,  well-coord i nateo  research  and  development 
are  requisite  to  the  search  for  and  the  establishment  of 
workable  processes.   the  organization  and  financing  of 
research  on  an  adequate  scale  are  often  beyond  reach  of 
single  industry  units.   yet,  if  they  are  to  comply  with 
pollumon  control  measures  and  still  remain  in  business, 
these  single  industry  units  must  find  practical  answers 
which  will  help  to  maintain  their  competitive  position 
within  the  industry. 

The  subject  matter  of  this  paper  outlines  one  such 
industrial  waste  problem  for  which  group  research  effort 
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HAS  ACCELERATED  AND  GREATLY  ASSISTED  IN 
OF  ANSWERS  FOR  THE  ENTIRE  MEMBERSHIP  AT 
REACH  OF  EVEN  THE  SMALLER  CONCERNS. 


THE  DEVELOPMENT 
COSTS  WITHIN 


P'.'LP 
WHE  N 
C  OMM 
I  N  G 
DE  VE 
AND 
PULP 
BOT  H 
L  I  QU 
OF  T 
L  I  TE 
AND 
COMM 
PROC 
THE 
NUMB 
OR  E 
NUMB 
CAN 
FAR 
8  AS  I 


I  NG 

THE 
ERC  I 
ERMA 
LOP  I 
UT  IL 
WOO 
MEN 
OR  . 
H  I  S 
RALL 
HAVE 
ERC  I 
ESSE 
SPEN 
ER  0 
VEN 
ER  N 
EMPL 
TO  G 
S. 


Th 

I  NDU 

AC  I 
ALP 
NY. 
NG  T 
I  ZAT 
D  BE 

PAT 

I  N 
I  MPO 
Y  TH 

UNO 
ALP 
S  AV 
T  L  I 
F  S  U 
ALL 
OW  H 
OY  W 
0  TO 


E  SP 
STRY 

D  ME 
R  A  CT 

BOT 
HE  P 
I  ON 
I  NG 
ENTE 
ALL 
RT  AN 
OU  S  A 
ERGO 
R  ACT 
A  iLf. 
QUO  R 
LPH  I 
OF  T 
AVE 
I  TH 

F  I  N 


EKT 

HAS 
THOD 
I  CE 
H  ME 
ULP  I 
PROU 
D  :  SS 
D  V  A 
THE 
T  SE 
NOS 
NE  V 
ICE. 
BLE 

PRO 
TE  M 
HE  L 
D  I  S  P 
V  A*R  I 
D  PR 


LIQUOR  F 

i£  EN  A 
OF  PULP 
BY  EKMAN 
N  WERE, 
N  G  PROCE 
LEM  PRES 
OLVEO  AN 
R I OUS  SC 
YEARS  OF 
GME  NT  OF 
fl  F  IDEAS 
AR  I  OUS  S 

Yet  we 

for  PROC 
DUCED  ea 
ILLS  WH I 
t  QU  OR  IN 
OSAL  MET 
OUS  DEGR 
OCESSES 


ROM 
CR  I  T 
I  NG 
I  N 
EVEN 
SS  , 
ENTE 
D  W  A 
HEME 
THE 
THE 
H  A  V 
TAGE 
ST  I 
ESS  I 
CH   D 
CH   H 
D  I  V  I 
HODS 
EES 
A  P  PL 


THE  ACID 
I  C AL  P  RO 
WAS  FIRS 

Sweden  a 

IN  T  HOS 
WELL  AWA 
D  .BY  THA 
STED  TO 
S  FOR  UT 

MORE  TH 

PULP  AN 
E  BEEN  P 
S  OF  DEV 
LL  DO  NO 
NG  MORE 
AY .  TRU 
AVE  FOU  N 
DUALLY   P 

OF  TRE A 
OF  EF  F  I  C 
(CABLE  C 


SULPH 
3LEM  S 
T  PUT 
NO  BY 
E  EARL 
RE  OF 
T  H  ALF 
THE   NE 
ILI Z I N 
A  N  80- 
0  PAPE 
ROPOSE 
ELOPME 
T  HAVE 
THAN  A 
E  ,   THE 
D  USE 
RODUC  E 
TMENT 
I E  NCY  , 
NAN   I 


I  TE 

I  N  C  E   18 
I  NTO 
M  I  TSCHE 
Y  STAGE 
THE  0  !  S 

OF  THE 
A  REST  S 
G  SPENT 
YEAR  HI 
R  INDUS 
D  f  RESE 
NT  AND 

FE  AS  !  B 

FRACT  ! 
RE   ARE 
FOR  A  P 

AND  A 
WHICH  T 

YET  WE 
NOUST  RY 


74 

RL  I  CH 

S  OF 
POS  AL 

TRE  AMS. 

STORY 

T  RY  , 

ARCHLO, 

OF 

LE 

ON  OF 

A 

ART 

GOOD 

H  EY 

HAVE 
-WIDE 


WAS  ES 
PULP  M 
SPECIF 
EFFORT 
AT  I  VE 
OR  T  RA 
ON  A  S 
UAL  UN 
A  CH  I  E  V 
WHICH 
P  R  0  G  R  E 
IHPKOV 
TO   WOR 


The  Sulphite  Pulp  Manufacturers1  Research  league 
tablished  in  '939  by  a  group  of-  mld-western  sulphite 
ills  to  h  fi  l  p  in  obtaining  workable  answers  to  this 
ic  waste  problem.   the  resultant  cooperative  research 

by  a  group  of  competitive  industry  units  is  represent- 
of  a  growing  trend  toward  formation  of  business  leagues 
de  assocjattons  to  conduct  research  and  development 
cale  which  would  not  otherwise  be  possible  for  individ- 
ITS.   The  SnP.M.  Research  League  can  point  to  the 

EMENT  OF   A  MODEST  OEGREE  OF   SUCCESS   IN  FINDING  ANSWERS 
HAVE   BEEN   USABLE  BY   ITS  MEMBER  MILLS  AND  WORK   NOW   iN 
SS   PROMISES  TO  YIELD   NEW  PROCESSES  AND   ALSO  FURTHER 
EMENT   AND   ECONOMIES   IN  OLDER   IDEAS  WHICH   CAN  BE   PUT 
K  BY  THE  MEMBERSHIP* 


Organization  Features  and  Advantages  of 
Group  Attack 

It  is  our  purpose  to  describe  those  organizational 
features  and  working  methoos  of  the  Research  League  which 
may  prove  useful  to  othcrs  interested  in  establishing  similar 
programs  of  association  research. 


FROM  THE   LEGAL  STANDPOINT,  THIS   ORGANIZATION  CAN 
BE   DEFINED  AS  A  BUSINESS  LEAGUE   FOT   NONPROFIT  RESEARCH. 
It  WAS  ORIGINALLY  ESTABLISHED   BY  TWELVE  CORPORATIONS 

operating  fourteen  pulp  mills  in  the  states  of  wisconsin 

and  Michigan.   The  concerns  making  up  the  membership  were  and 

continue  to  be  highly  competitive.   the  strains  and  stresses 
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OF  THIS  COMPETITIVENESS,   ALTHOUGK  EVIDENT   IN  THE  BACK- 
GROUND AT  TIMES,  HAVE  BEEN  LESS  OF  A  PROBLEM  FOR  OUR 

Research  Leacue  than  might  have  been  expected.   Good 

LEADERSHIP  AT  THE  TRUSTEE  AND  AT  THE  TECHNICAL  COMMITTEE 
LEVEL  GOES  FAR  TOWARD  RECOGNIZING  AND  ALLOWING  FOR   INTERESTS 
AND  PROBLEMS  OF   INDIVIDUAL  MEMBER  CORPORATIONS,  BUT   OTHER 
FACTORS  ALSO  CONTRIBUTE  TOWARD  MINiMlZlNG  OR  ELIMINATING 
COMPETITIVE  CONFLICTS.    THE  HEAVY   PRESSUPE  FROM  FEOERAL, 
STATE  AND  LOCAL  STREAM  POLLUTION  AUTHORITIES  A  NO  FROM  OTHER 
SOURCES  HAS  HELPED  TO  ESTABLISH   A   DEGREE  OF  FAMILY   RELATION- 
SHIP.  This  has  promoted  group  effort.   Real  eeprit  oecorps 
prevails.   Possibly  this  could  result  in  part  from  opportun- 
ities to  get  together  for  a  good  cry  upon  other  shoulders 

ALSO  BURDENED  WITH  EFFLUENT  DISPOSAL  PROBLEMS,   BUT  PRINCI- 
PALLY  IT   RESULTS  FROM  A  GENUINE,   CONTINUING   INTEREST   IN! 

A  COMMON  NEED  TO  FIND   A   SOLUTION  TO  THIS  WASTE 
PROBLEM  WHICH  HAS  LONG   SINCE   REACHED   A  STAGE 
WHERE   IT   COULD  THREATEN   THE   FUTURE  OF  THE 
SULPHITE  PULPING   INDUSTRY, 


2.    A  COMMON   INTEREST   IN  FINDING   USES  FOR   THAT 

POTENTIALLY  VALUABLE   HALF   OF   THE   PULPWOOD  LOG 
BEING  OlSSOLVED  AND  DISCHARGED  TO  THE  NEAREST 

water  course. 

The  Leacue  technical  staff  has  had  an  interested 

AUDIENCE  FOR  EVERY  REPORT   ISSUED  AND   HAS  BENEFITED  FROM  THE 
COMBINED  EXPERIENCE,   CRITICISM,   AND  SUGGESTIONS  OF   INDUSTRY 
REPRESENTATIVES.    THE  LEAGUE'S  TECHNICAL  COMMITTEE,   WITH 
MEMBERSHIP   DRAWN  FROM  THE   RESEARCH   STAFF  OF  EACH   MEMBER  MILL, 
MEETS  QUARTERLY  FOR   INTENSIVE  REVIEW  OF   PROGRESS  AND  FOR 
PLANNING  OF  TECHNICAL   PROGRAM  AND   POLICY.    SlXTY-FOUR  SUCH 
MEETINGS,   EACH   AVERAGING   ONE   AND  A   HALF   DAYS,   HAVE   BEEN  HELO 
IN  THE   PAST  SIXTEEN  YEARS.    LEAGUE  TRUSTEES,  WHO  ARE 
RESPONSIBLE  EXECUTIVES   IN  EACH  MEMBER  CORPORATION,  MEET   SEMI- 
ANNUALLY.  These  regularly  scheduled  meetings  are  of  great 

HELP   IN   PROVIDING   THE   CHANNELS  FOR  CLOSE  COMMUNICATION 
BETWEEN  MEMBER  MILLS  AND   LEAGUE   RESEARCH   STAFF  WHICH   ARE 
VITAL  TO  THE  CONTINUED  SUCCESS  OF  GROUP  EFFORT. 

THE   ORGANIZATIONAL  CHART   (FlG.1)   OUTLINES  THE 
COMMUNICATIONS  FUNCTION   AND   INTERMEDIATE   RELATIONSHIP  OF  THE 

League's  Technical  Committee  between  the  research  staff  and 

THOS*   ADMINISTRATIVE   OFFICERS  OF  MEMBER  MILLS  SERVING  ON  THE 
LEAGUE  BOARD  OF  TRUSTEES.    FEW  ARE  THE  BUSY  EXECUTIVES  WHO 
CAN  TAKE  TIME  TO  READ  VOLUMINOUS  TECHNICAL  REPORTS  ON  ALL 
ASPECTS  OF   A  SPECIALIZED  WASTE   RESEARCH   PROBLEM.    INSTEAD, 
EACH   MILL  HAS   A  TECHNICAL   REPRESENTATIVE  AVAILABLE  FROM   ITS 
OWN  STAFF  WHO  CAN  PROVIDE   INFORMATION  ON  ANY  QUESTION  OF 
LEAGUE   RESEARCH   RESULTS  THAT  MAY   ARISE  DURING  THE  COURSE  OF 
MILL  ORGANIZATION'S  REGULAR  CUS'.NESS  DAY  CONTACTS  WITH  THE 
WASTE  PROBLEM.    THE  SAME   DIHECT  LINE  OF   COMMUNICATION   KEEPS 

the  League  staff  up  to  date  ano  fully  aware  of  hew  aohinistra. 

TIVE  OR  TECHNICAL  PROBLEMS  ANO  NEEOS  OF  EACH  MEMBER  MILL. 
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The  Staff  of  the  Research  League 

Closely  intecrateo  research  on  industrial  wastes 
can  benefit  greatly  from  well  coordinated  activities  of 
a  research  and  development  staff  working  directly  for  the 
organization.  the  farming  out  of  research  grants  to 
universities,  large  research  institutes,  a  no  other  research 

CENTERS  HAS  A  DEFINITE  PLACE   IN  ANY  LARGE  TECHNICA'   PROGRAM, 
AND  THIS   IS  DISCUSSED   IN  GREATER  DETAIL  ELSEWHERE.  HOWEVER, 
OUR  EXPERIENCE   INDICATES  THAT  RESEARCH  CONDUCTED  BY  THE 

group's  own  team  of  specialists  contributes  greatly  to  the 
over-all  effectiveness  of  the  program.   the  s.p.m.  research 
League  has  supported  its  own  staff  from  the  beginning  and 

PRESENTLY  MAINTAINS  A  GROUP  OF  15     TO  11     INDIVIDUALS   IN 
ITS  OWN  LABORATORIES,   PILOT  PLANTS,   AND  OFFICES  UNDER  A 
TECHNICAL  DIRECTOR.    Th I S  GROUP   INCLUDES  FIVE  PROJECT 
LEADERS  AT  THE  PH.D.   AND  PROFESSIONAL  ENGINEER  LEVEL, 

Technical  fields  covered  by  these  men  ano  by  others  having 

SPECIALTIES  AT  THE  GRADUATE  LEVEL  WITHIN  THE  STAFF   INCLUDE 
PHYSICAL,  CARBOHYDRATE,   ANALYTICAL,  AND  SANITARY  CHEMISTRY, 
BIOCHEMICAL  ENGINEERING,   CHEMICAL  ENGINEERING  AND  BIO- 
CHEMISTRY.  Special  efforts  are  made  to  maintain  conditions 

FAVORABLE  FOR  THE  STAFF  TO  WORK  AS  A  CLOSELY   INTEGRATED 
TEAM.    THE  TEAM  SPIRIT  CONTRIBUTES  MUCH  TOWARD  ADAPTING 
THE  RESEARCH  EFFORT  TO  CHANGES   IN  PACE  AND   IN  DIRECTION  OF 
INDIVIDUAL  PROJECTS  WHICH   ARE  CHARACTERISTIC  OF  ASSOCIATION 
RESEARCH  AND  WHICH  ARE  APT  TO  BE  MUCH  MORE  DIFFICULT  TO 
ACCOMODATE   IN  LARGER  DEPARTMENTALIZED  RESEARCH  ORGANIZA- 
TIONS. 

Group  research  org  an i z ai I ons  operating  their 

OWN  STAFF  LABORATORIES  HAVE  MANY  OTHER  ADVANTAGES   IN  BEING 
ABLE  TO  SERVICE  EMERGENCY  REQUESTS  OF  MEMBER  MILLS  WHERE 
PRACTICAL  PROBLEMS  OF  WASTE  UTILIZATION  OR  DISPOSAL 
SUDDENLY  ARISE  OR  WHERE  THE  MEMBER  MILL  HAS  AN  OUTSIDE 
REQUEST  FOR  SPECIAL  MATERIAL   IT  MAY  WISH  TO  PROVIDE  TO 
PROSPECTIVE  MARKET  OUTLETS.    THE  RESEARCH  TEM  KEEPS   IT- 
SELF  INFORMED  AND  ALSO  HELPS  TO   INFORM  MEMBER  ORGANIZATIONS 
OF   NEW  SCIENTIFIC  DEVELOPMENTS.    TECHNICAL  JOURNALS  ARE 
NOW  TOO  NUMBEROUS  TO  PERMIT  ANY  ONE   INDIVIDUAL  TO  MAINTAIN 
HIMSELF  \--ULLY  CURRENT,  BUT  A  GROUP  WITH  VARIOUS  SPECIALIZED 
INTERESTS  DISTRIBUTED  AMONG  SEVERAL   INDIVIDUALS  TENDS  TO 
READ  WIDELY  ANO  TOGETHER  THEY  KEEP  OTHER  MEMBERS  OF  THE 
TEAM   INFORMED   IN  MANY  FIELDS.    ATTENDANCE  AT  MEETINGS  OF 
PROFESSIONAL  SOCIETIES  BY  STAFF  MEMBERS   IS  ENCOURAGED 
WHENEVER  THE  TECHNICAL  PROGRAM  PROMISES  TO  BE  OF  VALUE. 
THE  ACCUMULATED  KNOWLEDGE  OF  A  RESEARCH  TEAM  OVER  A 
PERIOD  OF  YEARS  BECOMES  AN  INVALUABLE  ASSET  TO  GROUP 
RESEARCH  EFFORT  AND  TO  THE  ENTIRE  MEMBERSHIP  SUPPORTING 
SUCH  RESEARCH. 

F  A  C I L ITIES  OF  THE  RESEARCH  LEAGUE 


Library:      A  primary  requisite  of  any  research  program 

IS  THE  AVAILABILITY  OF  ADEQUATE  LIBRARY  FACILITIES.    U 
THE  CASE  OF  THE  RESEARCH  LEAGUE,  OFFICE  AND  LABORATORY 
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ratories:   Initially,  The  Institute  of  Paper  Chemistry 
i0eo  laboratory  space  and  equipment  for  setting  up 
League  program.   But  with  the  growth  of  the  staff  and 
ram  it  soon  became  desirable  to  acquire  special  tools 
equipment  particularly  adapted  to  the  league  require- 
s.   The  League  now  owns  all  of  its  own  laboratory 
pment  for  which  the  investment  exceeds  $ljoc0rg0o. 
is  exclusive  of  an  even  larger  amount  invested  in 
pilot  plants.   this  equipment  has  been  acquired  over 
riod  cf  some  16  years  ano  every  effort  is  made  to  see 
major  items  which  can  0  h '_  v  be  purchased  at  relatively 
cost  are  of  such  type  as  to  be  adaptable  for  use  by 
group  as  a  whole.   included  in  this  category  are  such 
s  as  the  recording  spectrophotometer,  molecular  still, 
column  chromatographic  equipment  with  fractionation 
ectors.   However,  capital  charges  for  specialized 
flatory  equipment  could  easily  get  out  of  hand  were  it 
for  a  long  continued  policy  of  also  utilizing  the  more 
ly  specialized  types  of  expensive  equipment  at  univer5- 
s  and  other  organizations  wherever  availability  permits, 
n  example  of  such  cooperation,  the  league  recently 
able  to  cooperate  with  one  of  the  larger  m  a  n  uf  a  c  t  u  r  f.  f!  0 
lectronjc  equipment  for  a  series  of  irradiation 
rime nts  ano  assays.   adequate  testing  and  evaluation 
he  idea  were  made  possible  ano  the  project  was  com- 
eo  in  a  reasonable  period  of  time  without  necessity 
purchase  or  equipment. 
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Pilot  Plants;  The  League  has  exceptional 
facilities  for  an  organization  of  its  siz 
fact  that  five  separate  processes  have  by 
carrieo  through  the  pilot  stage  of  eva  l u a 
separate  pilot  plant  units.  four  of  th 0 s 
were  constructed  to  scale  sufficiently  la 
the  spent  liquor  from  one  or  more  tons  of 
production,  and  the  others  are  large  enou 
deserve  the  designation  of  pilot  plants, 
more  importance  to  day  by  day  research  ac 
many  setups  made  in  the  pilots  on  an  inte 
between  laboratory  and  pilot  using  a  valu 
of  unit  process  equipment  common  to  chemi 
practice.  standaro  small-scale  equipment 
commercial  design  ano  manufacture  are  ava 
on  unit  operations  in  the  fields  of  aosor 
i  n  g  ,  contrifugation  of  several  types,  djs 
evaporation,  liquid  extraction,  filtratio 
exchange  and  fermentation.  host  of  th  !  s 
long-mved  316  stainless  steel  construct  i 
with  necessary  supporting  equipment  such 
valves,  gauges,  controlling  instruments, 
for  an  additional  capital  investment  of  s 


PILOT  PLANT 
E  DUE  TO  THE 

THIS  TIME  BEEN 
T I  ON   IN  SEVEN 
E  P  I  LOT  PLANTS 
RGE  TO  HANDLE 

DAILY  PULP 
GH  TO  FULLY 

OF  EQUAL  OR 
Tl  V  I TY  ARE  THE 
RMED I  ATE  SC  ALE 
ABLE  COLLECTION 
CAL  ENGINEERING 

OF  ACCEPTED 
ILAEJLE  FOR  WORK 
PT  I  ON  AND  STRIPP- 
TILLATION,   DRYING, 
N,   MIXING,   ION 
EQU I PMENT   I S  OF 
ON  AND  TOGETHER 
AS  TANKS,   PUMPS, 
AND  PIPING  ACCOUNT 
OME  $175,000, 


W  I  TH 
FOR  M 
OF  SM 

The  p 

OPERA 
REQU  I 
LABOR 
H  AS  E 
OR  LA 
LARGE 
D  IFF  I 
ORG  A  N 
THE  A 
T  IES 


Possession  of  this  pilot  plant  equipment 
its  own  small  control  laboratory  is  largely  responsible 
uch  of  the  quick  service  which  can  be  characteristic 
all,  integrated  research  organizations  07,    this  kind, 
ilot  plants  are  staffed  to  permit  around-the-clock 
tion  of  continuously  operated  experiments  wherever 
red  in  the  development  of  continuous  processes  on  a 
atory  or  pilot  scale,   any  research  administrator  who 
xperienced  the  red  tape  incident  to  setting  up  small 
rge  experiments  for  qu  i  c*  evaluation  of  an  i0ea  in 

departmentalized  organizations  or  alternatively,  the 
culties  of  gathering  needed  equipment  in  very  small 
izations  with  limited  facilities  can  readily  appreciate 
dvantages  accruing  from  availability  of  pilot  facili- 
on  this  scale. 


Another  function  of  the  pilot  plant  is 
concerned  with  the  preparation  of  sample  material  to  be 
sent  out  for  evaluation  of  various  spent  sulphite  li  quo  3 
products  produced  in  the  program  of  utilization  research. 
Several  hundred  such  samples  may  be  sent  out  each  year  to 
outsioe  organizations  interested  in  their  evaluation  ano 
possible  use.   the  distribution  and  evaluation  of  such 
samples  constitute  the  first  step  towaro  eventual  market 
evaluations.   or  course,  many  of  the  samples  sent  out  draw 
a  blank,  but  those  which  do  find  interest  more  than  justify 
the  effort.   th i s  is  a  legitimate  group  research  function 
that  bridges  the  gap  between  fundamental  ano  applied  research 
in  our  experience  it  has  proved  an  important  activity  of 
the  League  through  helping  greatly  to  find  applications  for 
the  basic  work  which  brings  new  ideas. 
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Even  though  the  importance  of  conducting  funda- 
mental RESEARCH  IS  FULLY  RECOGNIZED  BY  THE  STAFF  

STILL   IT  REMAINS  A  DIFFICULT   ITEM  TO  FINANCE.    PERSONS 

RESPONSIBLE  FOR  UNDERWRITING  THE  EXPENSE  Or   BASIC 

RESEARCH  CAUNOT  BE  SLAKED  FOR  FINDING  FUNDAMENTAL  RESEARCH 

reports  dull,  un  in1erlst i  ng  and  hard  to  relate  to  the 
results  they  are  looking  for.   the  pilot  plant  prepara- 
ation  of  market  evaluation  samples  does  much  to  keep 
interest  alive  and  the  over-all  research  program 
functioning  smoothly, 

Specialized  Facilities  Available  Through  Cooperation 

With  Member  Mills 


Another  advantage  accruing  from  group  r 
derives  from  interest  of  member  mills  in  furthe 
over-all  research  program  by  using  amy  speciali 
facilities  or  manpower  that  may  :3e  available  at 
member  mill  and  which  would  help  dzvelop  answer 
group  problem.  a  field  problem  may  requirf  men 
material  beyond  the  immediate  capacity  of  the  l 
staff  and  the  lack  may  be  provided  from  facilit 
one  of  the  member  organizations.  practical  mil 
tests  on  purnins  concentratto  liquor  were  carrie 
several  member  mills  in  their  boiler  plants  usi 
centrated  liquor  produced  in  the  league  pilot  p 
a  highly  technical  problem  in  heat  transfer  may 
developed  in  cooperation  with  engineering  speci 
a  member  mill.  such  activities  conducted  coope 
between  League  and  member  mill  are  carried  out 
to  tht  membership  as  a  whole.  the  advantages  f 
cooperation  are  obvious  and  have  resulted  in  th 
of  data  more  rapidly  and  at  much  lower  cost  tha 
otherwise  be  possible. 
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THE  FACILITIES  THAT  CAN  BE  MADE  AVAILABLE  FOR 
GROUP   r^SEARCH   CAN  BEST  BE  SUMMARIZED  AS   AN  EXCEPTIONAL 
ADVANTAGE  SELDOM  ATTAINABLE  UNDER  ANY  OTHER  SYSTEM  OF 
CONDUCTING   INDUSTRIAL  WASTE  RESEARCH.    THE  GROUP  RESEARCH 
STAFF  CAN   INITIATE  A  PROJECT  AND   CARRY   IT  THROUGH  TEST  TU9E, 
FLASK,   AND   SMALL  LABORATORY  UNIT  STAGES  ON   INTO  PILOT   PLANT 
AND  EVEN   INTO   S E M I - C O MM E R C  I  A L  TESTS  WITH  A  MINIMUM  OF  COST, 
REO  TAPE,  AND  DELAY, 

RF.SFAROi'  (s  RANTS  TO  OUTSSRE  A  C  FN".  f-ES 


Although  it  is  desirable  to  emphasize  the  value 
of  staff-conducteo  work  as  essential  to  an  effective  group 
research  program,  such  emphasis  is  not  meant  to  minimize 
the  importance  of  research  grants  to  v  n  !  v  e  r5  i  t  i  e  s  , 
institutes  and  other  outside  organizations  having  special- 
IZED KNOWLEDGE  AND  EQUIPMENT  AVAILABLE.    THE  SULPHITE  PuLP 

Manufacturers'  Research  League  has  consistently  supported  a 
program  of  -research  brants  and  has  allotted  funds  each  year 
to  the  extent  of  from  2  q$>   to  ao'fi   of  the  over-all  annual 

BUDGET. 
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The  largest  single  grant  has  been  to  organic 
chemistry  group  of  the  institute  of  paper  chemistry 
for  sponsorship  of  a  continuing  program  of  fundamental 
and  applied  lignjn  research.   the  cost  of  this  project 
together  with  related  institute  projects  has  totaled 
$400,000  at  an  average  level  of  $25,000  annually. 
Specialized  work  in  other  fields  has  been  supported  by 
grants  to  the  universities  of  wisconsin,  minnesota, 
New  Hampshire,  Wyoming,  and  Iowa  and  Michigan  State 
Colleges. 

The  results  obtained  from  cooperative  research  by 
outside  institutions  has  been  well  worth  the  investment 
and  such  work  will  be  continued,   however,  such  work 
requires  careful  coordination  and  with  concurrent  staff 
research  if  its  full  value  is  to  be  realized  in  a 
reasonable  period  of  over-all  research  effort. 

The  Nature  ano  Scope  of  the  League 
Research  Program  


Originally  the  member  h.i 
industrial  waste  research  progr 
finding  disposal  methods  for  th 
group  was  at  first  named  the  su 
Committee  on  Waste  Disposal.  U 
sulphite  liquor  was  conceived  a 
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organic  matter  called  for  at  le 
by-product  values  to  balance  th 
charges.  The  League  which  was 
its  present  name  !s  still  searc 
of  oisposal  but  devotes  a  large 
toward  utilization. 


lls  conceived  of  this 
am  as  a  qu i ck  means  of 
e  spent  liquor  and  the 
lphite  Pulp  Manufacturers' 
t i  li zati on  of  spent 
s  a  long-term  research 
rent  that  the  practical 
al  of  huge  tonnages  of 
ast  some  recovery  of 
e  handling  and  processing 
incorporated  in  1946  under 
hing  for  economical  methods 
proportion  of  its  effort 
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COOPERATORS.    Of  THESE 

product  development  on 
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HAVE  LISTED  THE  MAJOR  PROJECTS 
RESEARCH  BY  THE  LEAGUE  AND   ITS 
PROJECTS,  THAT  FOR  PROCESS  ANO 
TORULA  YEAST  PRODUCTION  AND  OF 
TANOING  FOR  LENGTH  AND  SCOPE  OF 

HAVE  BEEN   IN  PROGRESS  MORE  THAN 
EAST  PROCESS  HAS  BEEN  CARRIED 
K,  AND  SMALL  LABORATORY  FERMENTOR 
NT  AND  SEMI-COMMERCIAL  WITH  DESIGN, 
IMENTAL  OPERATION  OF   THE  RhINELANDER 
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T   IN  THE  BELIEF  THAT  OTHER  MILLS 
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Figure    2 
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It  is  improbable  that  many  research  projects  can 
be  followed  through  in  this  way  by  a  single  research 
croup.   However,  the  opportunity  presented  had  an 
unexpectedly  valuable  by-product  in  that  it  was  a  stimu- 
lant par  excellence  to  the  morale  of  the  research  grcup. 
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ZiRure   3 

SCOPE    OF    THE    RESEARCH    PROGRAM 


FUNDAMENTAL  STUDIES 

Carbohydrate  Chemistry 

Lignin  Chemistry 

Phys l c al  Chemistry 
So  i  l  Stud i es 
St  ream  Studies 
Chemical  Engineering 


APPLIED  RESEARCH  AND 
DEVELOPM£NT 
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Surface  Active  Fractions 
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Soi l  Stab ilizers 
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Stream  Loadi ngs 
Unit  Process  Stuoies 


Results  of  League  Research  in  Terms  of 
Com me pc i al  Use 

Many  individuals  concerned  with  establishment  and 
financing  of  research  on  industrial  wastes  have  seen 
intfrested  in  of.  serving  the  amount  of  time  required 
and  the  extent  to  which  commercial  application  has  been 
possible  from  group  sponsored  research.   any  such  ob- 
servations must  of  course  be  cokmtioned   y  the  scale  of 

THE  RESEARCH   PROGRAM,   BUT   THE  SULPHITE  Pt«.P  MANUFACTURERS1 

Research  League  program  has  an  interestu  ;  record  which 
has  been  tabulated  in  figure  iv, 
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development  is  taken  over  by  the  individual  mills  as 
soon  as  competitive  interest  develops  in  an  idea. 

conclusi on 

the  large  basic  industries  of  our  earlier  united 
States  and  Canadian  economies  benefited  greatly  from 
the  use  of  raw  materials  of  m i h e  and  forest  which  were 
plentiful,  cheap  and  often  considered  nearly  i ne x h a u st  i ble , 
Under  such  conditions  manufacturing  operations  had  little 
need  or  incentive  for  recovery  of  process  residues  and 
DISPOSAL  was  practiced  by  the  cheapest  means  available. 
It  was  a  way  of  business  common  to  the  times.   Those  times 
and  criteria  are  fast  disappearing. 


Figure  4 
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Today  we  fud  our  industrial  economy  BECOMing 
increasingly  conscious  of  need  for  recovery  of  all 
possible  values  from  the  raw  materials  we  use.   the 
recovery  of  by-product  values  is  becoming  good  business 
and  even  vital  to  the  existence  of  competitive  units 
within  an  industry.   the  very  existance  of  entire 
industries  can  depend  on  whether  or  not  greater  values 
can  be  found  and  recovered  py  practical  means. 

the  critical  nature  of  stream  and  air  pollution 
problems  contributes  greatly  to  necessity  for  an  ex- 
panding research  effort  on  industrial  wastes, 

There  are  numerous  ways  in  which  such  research  is 
being  organized  and  the  cost  underwritten.   group  research 
as  described  in  this  paper  has  already  proved  of  value 
on  industrial  waste  problems. 


IT  CAN   BE   CONCLUDED  THAT   INDIVIDUAL  COMPETITIVE  UNITS 
WITHIN  AN   INDUSTRY   CAN  WORK  TOGETHER  SUCCESSFULLY  AND 
EFFICIENTLY  ON  BOTH  FUNDAMENTAL   AND  APPLIED  RESEARCH 
FOR   PROBLEMS  COMMON  TO   THE  ENTIRE   INDUSTRY.   COOPERATIVE 
GROUP   RESEARCH  PROBABLY  CAN  BE  CONSIDERED  AS  ONE  OF  THE 
LOWEST  COST  METHODS  FOR  EFFECTIVE  LONG  RANGE  ATTACK  ON 
INDUSTRIAL  WASTE  PROBLEMS. 
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FROM  WASTE  AND  NUISANCE  TO  USE  AND  PROFIT 

*  By  * 
J.  RICHTER  SALVESEN 


Director  of  Central  Research 
Marathon  Corporation 

ROTHSCHILD,  WISCONSIN. 


The  tree  is  a  thing  of  beauty  to  the  artist  and  a 
source  of  lyrics  to  the  poet.   but  the  engineer  and  the  chem|st  see  in  the 
forest  an  ever  growing  source  of  raw  material  for  cellulose  —  nature's  build- 
ing mater  i al. 

Wood  is  the  most  important  renewable  raw  material 
in  the  world.    It  serves  industry  in  two  important  ways;   as  a  construction 
material,  and  as  a  raw  material  for  the  manufacture  of  paper. 

Life  most  of  nature's  resources,  wood  must  be  sub- 
jected to  processing  steps  to  suit  it  to  the  ultimate  use.   Changing  its  phys- 
ical size  and  shape  generally  renders  it  satisfactory  for  use  in  construction; 
however,  its  use  in  papermaking  requires  that  it  be  broken  down  chemically  into 
its  components.   Wood  is  a  complex  structure  of  cellulose  fibers  bound  to- 
gether by  lignin  and  hemicelluloses. 

About  eighty  years  ago  two  chemical  processes  were 
developed  for  obtaining  the  cellulose  fibers  desired  for  papermaking  by  dissol- 
ving out  the  noncellulosic  wood  components.   In  principle,  these  two  processes 
still  represent  the  methods  by  which  most  pulp  mills  convert  wood  chips  into 
cellulose  fibers. 

One  process  (sulfate)  makes  use  of  an  alkaline 
liquor  as  a  digesting  medium  which,  after  dissolving  the  non-cellulosic  mater- 
ials, IS  DRAINED  FROM  THE  CELLULOSE  FIBERS.    THE  HIGH  COST  OF  THESE  ALKALINE 
COOKING  CHEMICALS  MADE  IT  NECESSARY  TO  RECOVER  THEM  FOR  REUSE.    THIS  IS  TECH- 
NICALLY A  RELATIVELY  SIMPLE  PROCESS,  ACCOMPLISHED  BY  EVAPORATING  THE  COOKING 
LIQUOR,  BURNING  OUT  THE  DISSOLVED  ORGANIC  MATTER,  AND  RECONVERTING  THE  ASH  FOR 
RECYCLING  AS  COOKING  CHEMICALS.    TO-DAY  THIS  RECOVERY  PROCESS  IS  DEVELOPED  TO 
A  HIGH  DEGREE  OF  EFFICIENCY,  RETURNING  NOT  ONLY  THE  COOKING  CHEMICALS  BUT  STEAM 
AND  ENERGY  TO  MORE  THAN  PAY  FOR  THE  RECOVERY  PROCESS,  AND  LEAVING  A  MINIMUM  OF 
EFFLUENT  TO  THE  MILL  SEWERS. 

THE  OTHER  MAJOR  PULPING  PROCESS  (SULFITE)  USES  A 
SOLUTION  OF  CALCIUM  BISULFITE  AND  SOg  AS  A  COOKING  LIQUOR.    ALTHOUGH  THE  LOW 
COST  OF  THESE  COOKING  CHEMICALS  HAS  MADE  IT  ECONOMICALLY  PERMISSIBLE  TO  DISCARD 
THE  SPENT  PULPING  LIQUOR,  THIS  PRACTICE  REPRESENTS  AN  ENORMOUS  WASTE  OF  A  POTEN- 
TIALLY VALUABLE  ORGANIC  MATERIAL.     In  THE  UNITED  STATES  THREE  MILLION  TONS  OF 
WOOD  COMPONENTS  HAVE  GONE  TO  WASTE  EACH  YEAR  IN  THE  FORM  OF  DISCARDED  SPENT 
SULFITE  LIQUOR. 
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The  sulf.tc  liquor,  as  it  drains  from  the  cookco 
cellulose  fidfrs,  15  acidic  from  so^  and  organic  acids  and  has  from  10  to  12 
pcr  cent  col  ids.   cvem  with  to-day's  highly  developed  analytical  methods  it  is 
possible  to  define  and  analyze  only  a  part  of  the  organic  components.  roughly 
about  2/3  of  the  sol  i  do  consist  of  calcium  l 1 gnosul fon ate  and  l/3  of  sugars  -- 
mainly  a  mixture  of  pentoses  and  hexoses.   the  organic  components  are  sterile 
and  non-toxic.   however,  when  discharged  into  waterways;  the  liquor  causes 
depletion  of  the  dissolved  oxygen  --  partly  by  the  direct  reaction  with  the  5*2 
but  mainly  by  the  biochemical  oxygen  demand  produced  by  the  stimulating  effecr 
which  the  organic  components  (primarily  the  sugars)  exert  on  the  biological 

PROCESSES  IN  THE  DILUTION  WATER.     SUCH  OXYGEN  DEMAND  MAY,  UNDER  UNFAVORABLE 
CONDITIONS  AS  REGARDS  DILUTION,  TEMPERATURE,  AND  NATURAL  RE-AERATtON,  REDUCE 
THE  DISSOLVED  OXYGEN  IN  THE  RECEIVING  WATERWAYS  BELOW  THE  LEVEL  NECESSARY  FOR 
NOPMAI   AQUATIC  LIFE.     THIS  IS  THE  POTCNTIAL  STREAM-POLLUTING  EFFECT  FROM 

spent  sulfite  liquor. 

Efforts  towards  pollution  abatement,  and  utiliz- 
ation OF  THE  OPENT  SULFITE  LIQUOR  COMMENCED  SHORTLY  AFTER  THE  SULFITE  PULPING 
PROCESS  CAME  INTO  USE.     THE  THOUSANDS  OF  PUBLICATIONS  AND  PATENTS  DEALING  WITH 
THIS  PROBLEM  ILLUSTRATE  CLEARLY  ITS  COMPLEXITY.     THE  FACT  THAT  EVEN  TO-DAY 
ONLY  A  SMALL  PERCENTAGE  OF  THE  SPENT  LIQUOR  FOR  SULFITE  PULPING  THROUGHOUT  THu 
WORLD  IS  UTILIZED  MEANS  THAT  A  GENERALLY  ACCEPTABLE  PROCESSING  METHOD  rOR  THIS 
BY-PROCIJCT  HAL,  STILL  NOT  BEEN  FOUND. 

Straight  evaporation  with  subsequent  combustion  or 
the  concentrate  --  as  in  the  alkaline  pulping  process  —  might  seem  a  suitable 
soluti'Cn.   But  several  obstacles  presented  themselves.   First,  the  acidity  of 
the  liquor  required  processing  equipment  fabricated  from  stainless  steel,  not 
industrially  available  until  the  eably  30's.   Second,  calcium  salts  in  the 
liquor  proouced  scaling  of  the  heating  surfaces,  thereby  reducing  heat  transfer 
and  causing  plugging  of  tubes  and  openings.   it  was  not  until  in  the  early 
l+o's  that  engineering  design  and  evaporation  techniques  offered  adequate  sol- 
utions to  the  scaling  problems.   l>en  with  these  developments,  removal  of  8- 
10  pounds  of  water  per  pound  solids  presents  an  unattractive  heat  balance  un- 
less the  regular  fuel  cost  is  high. 

With  proper  pretreatment  of  the  spent  liquor  it  is 
possible  to  produce  ethyl  alcohol  from  the  hexose  sugars.   again  the  scaling 
tendency  and  the  low  sugar  concentration  are  formidable  obstacles  to  efficient 
operation.   but  under  special  economic  conditions  production  of  alcohol  from 
spent  sulfite  liquor  is  commercially  attractive.    |n  sweden  the  economy  is 
favorable  for  such  production  and  the  sulfite  pulp  mills  there  are  presently 
producing  a  total  of  20  million  gallons  per  year  95  per  cent  ethanol  from  the 
spent  liquor.   cne  mill  in  canada  and  one  in  the  united  states  started  produ" 
c  -ig  ethanol  by  fermentation  of  their  spent  liquor  during  the  second  world  war- 
STIMULATED  BY  THE  THEN  EXISTING  CONDITIONS  --  AND  ARE  STILL  OPERATING  SUCH  PRO- 
CESS.   A  second  Canadian  mill  is  now  also  producing  ethanol  from  their  spent 

LIQUOR.     BY  CONSUMING  THE  HEX03E  SUGARS,  THE  ALCOHOL  FERMENTATION  PROCESS 
REDUCES  THE  BIOCHEMICAL  OXYGEN  DEMAND  OF  THE  SPENT  LIQUOR  BY  SOME  30  PER  CENT. 

Within  the  last  15  years  a  method  has  been  devel- 
oped FOR  UTILIZING  ALL  THE  CARBOHYDRATES  IN  SPENT  SULFITE  LIQUOR  BY  BIOCHEMICAL 
CONVERSION  INTO  YEAST,  WHICH  CAN  BE  SEPARATED  BY  CENTRIFUGING  AND  DRYING  TO  BE 
MARKETED  AS  A  POWDERY  PROTEIN  AND  VITAMIN-RICH  PRODUCT  SUITABLE  AS  ANIMAL  FEED 
COMPONENT . 
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In  Germany  in  the  late  30's  it  was  discovered  that 
a  special  type  of  yeast  --  torula  ut i l i s  —  will  t'ctadolize  and  multiply  not 
only  on  hexose  sugars,  but  also  on  pentoses  and  some  other  aliphatic  organic 
compounds.   The  Wisconsin  Sulphite  Pulp  Manufacturers'Research  league,,  Inc., 
has  carried  out  extensive  research  based  on  this  discovery,  to  establish  pract- 
ical and  effective  means  of  i'ropogating  such  yeast  on  spent  5ulfite  liquor  and 
recovering  it  in  marketable  quality.   after  successfully  applying  the  research 
findings  in  pilot  plant  operation,  the  process  is  now  operated  on  a  commercial 
scale  by  two  wisconsin  sulfite  mills.   these  plants  have  a  combined  capacity 
of  7 ;000  tons  dry  yeast  per  year  and  the  process  affords  about  60  per  cent 

REDUCTION  OF  THF.  BIOCHEMICAL  OXYGEN  DEMAND  OF  THE  LIQUOR  PROCESSED.     It  RE- 
mains for  the  immediate  future  to  establish  what  the  market  capacity  is  for 
this  yeast  product  at  the  selling  price  required  by  the  processing  costs.  such 
market  analysis  and  the  experience  from  the  two  present  plants  will  decide  if 
other  sulfite  mills  can  adopt  the  method  for  utilization  and  pollution  reduct- 
ion of  their  own  spent  sulfite  liquor. 

Marathon  Corporation  has,  since  1909*  operated  a 
sulfite  mill  in  rothschild,  wisconsin    this  mill  presently  produces  about 
50,000  tons  cellulose  fibers  per  year.   f.ven  in  the  early  years  of  this  plant's 
operations,  Marathon's  management  was  seriously  concerned  about  the  discharge 
of  spent  sulfite  liquor  into  the  wisconsin  rlver  and  the  consequent  pollution 
and  annual  waste  of  approximately  50,000  tons  of  organic  solids. 

In  1927  Marathon  decided  to  attack  the  spent  sul- 
fite LIQUOR  PROBLEM.     TH I S  WAS  BASED  ON  AN  ENTIRELY  DIFFERENT  APPROACH  --  THE 

precipitation  of  spent  liquor  components  as  separate,  distinct  fractions  by 
controlled  addition  of  lime  slurry.   flrst  a  thorough  study  in  beaker  scale 
was  carried  out  to  learn  the  most  favorable  conditions.   this  proved  so  en- 
couraging that  the  next  step  --  to  pilot  plant  operation  --  appeared  warranted. 
Still  in  small  scale,  but  v;ith  large  scale  equipment  such  as  feeders,  pumps, 
settling  tanks  and  filters,  the  liquor  fractionation  was  carried  out  as  a  con- 
tinuous process  to  learn  the  large  plant  problems  and  to  find  practical  solut- 
ions to  technical  difficulties.    the  pilot  plant  also  produced  ample  quantities 
of  the  liquor  fractions  for  studies  of  their  utility. 

The  main  process  emerging  from  these  studies  had 
as  its  first  step  the  production  of  a  precipitate  of  calcium  sulfite  by  add  i mg 
lime  slurry  to  the  spent  sulfite  liquor  to  a  certain  strictly  controlled  ph 
level.   the  precipitate  is  conveyed  to  the  pulp  mill  acid  plant  where  it  is 
used  in  the  calcium  b i sulf i te-so2  cooking  liquor  make-up  system.   thus  the  so? 
in  the  spent  liquor  is  kept  from  contaminating  the  river,  by  being  returned  to 
the  pulping  process. 

in  the  second  step  the  clear  overflow  and  filtrate 
from  the  first  step  are  treated  with  further  amounts  of  lime  slurry  under 
strictly  controlled  conditions,  to  produce  a  yellow  flocculated  precipitate 
consisting  mainly  of  basic  calcium  l i gnosul fon a te .   this  precipitate  is  con- 
tinuously separated  as  a  filter  cake  on  a  rotary  vacuum  filter.   the  filtrate 
is  finally  stripped  of  all  prec i p> i t at abl e  organic  matter  by  one  more  addition 
of  lime  slurry,  amd  is  then  discharged  into  the  river.   analyses  have  consist- 
ently shown  that  this  process  affords  a  60-6p  per  cent  reduction  in  biochemical 
oxygen  demand  as  compared  with  the  untreated  liquor.   presently  about  85  pek 
cent  of  the  spent  sulfite  liquor  solids  passes  into  the  precipitation  process 
and  the  rest  is  so  d!luted  with  pulp  wash  water  that  it  is  impractical  to  pro- 
CESS.   This  means  then  that  the  process  provides  5°"55  PER  CENT  overall  re- 
duction in  pollution  from  spent  sulfite  liquor  at  Rothschild. 
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Basic  calcium  licnosulfonate,  the  material  result- 
ing AS  A  FILTER  CAKE  AFTER  THE  SECOND  PRECIPITATION  STEP,   IS  THE  MAIN  PRODUCT 

of  the  process.   as  it  represents  around  |)0  per  cent  of  the  spent  sulfite 
liquor  solids,  adout  1000  pounds  is  odtained  from  the  spent  sulfite  liquor 
equivalent  of  one  ton  of  pulp  produced.   obviously  the  all- i mport ant  question 
for  the  practical  usefulness  of  the  process  wad:   "how  can  these  large  quant- 
ities of  this  hitherto  unknown  l f gn  i  n  product. be  utilized?"   early  in  the 
development  it  was  expected  that  this  organic  material  could  be  used  advantag- 
eously as  fuel  to  replace  some  of  the  mill's  coal  requirement.   however,  larue 
scale  tests  under  actual  boiler  firing  cond i t  i  ons  proved  this  product  to  be 
technically  and  economically  unsuitable  as  fuel. 

This  situation  called  for  a  broad  and  intensive 
research  attack  to  develop  new  uses  and  profitable  markets  for  the  precipitated 
l ignosulfonates  —  actually  a  new  organic  raw  material.   such  typical  "applic- 
ation research"  consisted  partially  in  establishing  the  properties  of  the 
product  and  practical  modifications  of  it,  partially  in  studying  their  applic- 
ations to  established  industrial  products  and  processes. 

the  first  product  offered  to  industry  was  a  tann- 
ING AGENT.    The  first  TANK  CAR  shipment  of  "Maratan"  was  made  in  193^  FRCM  ~iHC 
pilot  plant  production.    there  followed  other  products  adapted  for  various 
industrial  uses  by  modifying  the  structure  of  the  l  i  gnosul  fon  ate  s  undi.f!  varying 
conditions  of  temperature,  ph,  pressure,  degree  of  5ulfonati0n,  and  oxidation. 

a  process  was  developed  for  the  alkaline  hydroly- 
sis of  l ignosulfonate,  whe»e'n  vanillin  was  obtained  as  a  cleavage  product  of 
the  lignin,  and  the  resulting  effluent  became  a  source  of  partially  desulfom- 
ated  l ignosulfonates.   these  desulfonated  l i gnosul fon ates  exhibited  surface 
activity  of  such  a  oegsee  as  to  indicate  their  potential  value  as  d  i  g?*33  i  nc 
agents.   After  extensive  laqoratory  and  pilot  studies;  processes  for  the  man- 
ufacture OF  L I GNOSULfONATE  PRODUCTS  AND  VANILLIN  SHOWED  SUCH  PROMISING  COMMER- 
cial possibilities  that  in  1935  a  fl>ll  scale  plant  was  erected  to  treat  the 
effluent  from  the  rothschild  pulp  mill.    this  assured  a  supply  of  lignin 
adequate  to  feed  a  commercial  plant  for  making  vanillin.   this  latter  plant 
was  constructed  in  1937  under  an  af.rangcment  whereby  marathon  supplied  the 
process  and  the  lignin,  with  the  manufacture  and  sale  of  the  vanillin  to  be 
carried  out  by  the  5alv0  chcmical  corporation,  now  a  subsidiary  of  the  sterlii'.i 
Drug  Company.   Toda/  the  Rothschild  plant  h«.s  a  vanillin  production  which 
supplies  nearly  2/3  of  the  united  states  market  for  this  flavoring  agent. 

The  commercial  success  of  Marathon's  chemical 
venture  has  depended  upon  the  ability  of  the  company's  research  personnel  to 
develop  an  ever- i nlpe as  i ng  number  of  new  products  to  fulfill  specific  needs  of 
the  chemical  process  industries.   another  important  factor  was  the  determin- 
ation of  its  technical  sales  department  to  ferret  out  new  markets  and  to  demon- 
strate the  true  utility  of  the  l i gnosul fon ate  products  to  th05e  chemical  proc- 
ess industries  requiring  dispersing  agents  and  emulsion  stabilizers  in  their 
products  and  processes. 

Success  did  not  come  overnight.   The  structure  gf 
Marathon's  purified  l ignosulfonates  is  such  that  thty  perform  unusually  well  as 
dispersing  agents,  preventing  flocculation  of  insoluble  solids  or  t!'_  gualcsc- 
ence  of  immiscible  liquid  globules  in  water,  but  it  was  not  until  attf.r  wdrl9 
war  ii  that  surface  active  agents  such  as  these  found  sizea3le  markets.  by 
the  time  Marathon's  Chemical  Division  showed  its  first  profits  —  in  19^3  -- 
the  company  had  spent  several  millions  of  dollars  for  research  and  manufactur- 
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ING  INSTALLATIONS.    TODAY'S  CHEMICAL  PLANT  HAS  THE  CAPACITY  TO  PRODUCE  A  [ 

SEVENTY-FIVE  MILLION  POUNDS  OF  L I GN I N  MATERIALS  PER  YEAR.  , 

I 

Chemical  research  is  conducted  by  the  Central 
Research  Department,  whose  members  form  part  of  Marathon's  staff  of  250  ENGINE- 
ers, scientists,  and  technicians.   this  department  is  housed  in  a  modern, 
streamlined  laboratory  building  having  excellent  pilot  plant  facilities,  as 
well  as  analytical,  organic,  physical,  and  bacteriological  laboratories  for 
the  study  of  spent  sulfite  liquor  and  its  derivatives. 

Our  l ignosulfonates  have  finally  gained  accept- 
ance IN  A  WIDE  RANGE  OF  INDUSTRIAL  APPLICATIONS,  WHERE  THEIR  SURFACE  ACTIVITY 

is  of  particular  value.   their  use  is  by  no  means  limited  to  industry  in  the 
United  States.   They  may  be  found  in  such  widely  diverse  applications  as  oil 
well  drilling  muds  in  venezuela,  pe5ticidl3  in  formosa,  oreh.otation  in  south 
Africa,  insecticides  in  Iceland  and  Ireland,  oil  well  cementing  in  Germany, 
and  boiler  water  treatment  in  mexico. 

The  company's  Chemical  Division  has  come  a  long 
way  towards  obtaining  the  two  goals  originally  set.   stream  pollution  at  the 
Rothschild  plant  has  been  considerably  reduced  and  profitable  commercial  uses 
for  derivatives  of  spent  sulfite  liquor  have  been  established.   there  are 
several  other  commercially  promising  applications  for  sulfite  liquor  derivat- 
ives currently  being  explored,  which,  if  successful,  will  represent  further 
progress  towaros  complete  achievement  of  our  objectives. 

Pioneering  ventures  will,  if  successful,  always 
foster  increasing  competition.   keener  bidding  for  markets  with  better  and 
lower  priced  products  is  particularly  characteristic  for  the  chemical  indust- 
RIES today.   Therefore,  the  commercial  advantages  from  research  can  only  be 

PROTECTED  WITH  MORE  RESEARCH.     |N  LINE  WITH  THIS  IS  MARATHON'S  POLICY  TO 
RETURN  FOR  RESEARCH  AND  DEVELOPMENT  A  SUBSTANTIAL  PART  OF  THE  PROFIT  FROM  THE 
WASTE  UTILIZATION  DEVELOPMENTS. 

THIS  DISCUSSION  OF  APPROACHES  TO  SPENT  SULFITE 
LIQUOR  UTILIZATION  IS  UNREALISTIC  UNLESS  IT  CONVEYS  THE  UNDERSTANDING  THAT  THE 
COSTS  OF  SUCH  VENTURES  ARE  GREAT  AND  THE  TIME  REQUIRED  TO  REACH  SATISFACTORY 
SOLUTIONS  ARE  VERY  CONSIDERABLE.    WE  KNOW  OF  NO  MIRACLES,  NO  SHORT-CUTS  TO 
SUBSTITUTE  FOR  THE  EXPENSIVE  AND  HARD  JOB  OF  TURNING  "WASTE  AND  NUISANCE  INTO 
USE  AND  PROFIT." 

* 
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General  Remarks 

The  kequest  for  this  paper  appears  to  have  bccn 

INSPIRED  BY  A  QUESTION,  AT  THE  POLLUTION  CONTROL  BOARD  MEETING  HELD  IN  THE 

City  of  St.  Catharines  on  January  25th,  1955,  addressed  qy  a  member  to  the 
Chairman,  Dr.  A.  E.  Berry,  which  was  as  follows:- 

"M^.  Chairman,  these  will  not  be  words  of  wisdom,  but  coming  fpc-s 

A  FARMER   ARL  THERE  NOT  CERTAIN  LAWS  THAT  GOVERN  WHAT  THEY  (MEANING 

a  factory)  may  run  in  streams  or  rivers?    I  don't  know  whethcr  THAT 

IS  TOUCHY  OR  NOT   BUT  WHY  I  ASX  THAT  IS,  I  HAVE  A  DAUGHTER  WHO  LIVES 

in  Tennessee.   She  sends  me  the  Outdoors  Bulletin  from  the  Nashville 
paper    One  factor v  started  up.  I  could  get  the  name  -  it  is  either 

RAYON  OR  CHEMICAL  -  AND  WHAT  THEY  RAN  THROUGH  THE!R  SEWERS  IMMEDIATELY 
KILLED  THE  FISH.     THE  AUTHORITIES  NOTIFIED  THEM  AND  IN  TWELVE  MONTHS 
FROM  THAT  DAY  IMt  HAO  NOT  ONLY  DONE  AWAY  WITH  THAT  AND  CLEARED  UP  THE 
PROBLEM   BUT  THEY  HAD  RESTOCKED  THAT  STREAM      NOW  WAS  THAT  ON  THEIR 
OWN  GOODWILL  OR  WAS  THERE  A  LAW?    CAN  WE  DO  IT  HERE?    DO  WE  HAVE 
SUCH  A  LAW  HERE?     I  WOULD  JUST  LIKE  TO  KNOW." 

Dr.  B~.rry;  in  nr.PLY;  mentioned  that  there  was 

PLENTY  OF  LEGISLATION  IN  THE  PROVINCE  DEALING  WITH  THE  DISPOSAL  OF  SEWAGE  AND 
IN0US1RIAl""wAsYZs7    I  WOULD  LIKE  TO  ENLACE  Oh  Di  -  BARRY'S  COMMENTS,  AND 
GIVE  YOU  A  Rt.SUME  OF  THE  LAW,   IN  ONTARIO   BOTH  COMMoN  LAW  AND  LEGISLATIVE, 
OR  STATUTORY  LAW,  WHICH  APPLIES  TO  THE  PROBLEM  OF  WATCH  POLLUTION. 

But  what  is  law;   how  did  it  derive;   what  are 
its  sanctions;  how  is  it  chances. 

Man  has  been  described  as  a  social  animal,  but 

IN  THE  3EG INNINGS  OF  HUMAN  LIFE  HE  WAS  NO  MORE  SOCIAL  THAN  SOCIABLE  AND  IN 
THE  BEGINNING  HE  WAS  ANYTHING  BUT  SOCIABLE.     HE  LIVED  BY  HIMSELF  AND  FOR 
HIMSELF,  GOVERNED,  OR  PERHAPS  OHIVEV,  BY  THE  TWO  INSTINCTS  OF  SEL F- PRESER- 
VATION AND  SELF"  PROPORTION.     NATURE  AMD  MAN  WERE  HIS  NATURAL  ENEMIES  FROM 

whom  he  wrested  a  precarious  living. 

There  was  no  such  thing  as  law  as  we  kno\'  it 
today,  that  is  law  governing  the  relationship  of  mm',   and  man,  although.  of 

COURSE,,  THERE  WERE  THE  NATURAL  LAWS     MAN  KNEW  NO  SUCH  THING  AS,  FCK 
INSTAMCE,  LEGAL  OWNERSHIP  OF  ANY  K I  NO  OF  PROPERTY,  LAND  OR  THINGS,  AND 
POSSESSION  OF  A  THING,  LAND  BEING  UNIMPORTANT;  WAS  THEN  TRULY  :,NIME  POINTS 
OF  THE  LAW",  THE  ONLY  LAW  THEM  RECOGNIZED  AS  BETWEEN  MAN  AND  MAN  NAMELY; 
THAT  OF  MIGHT.    KE  KHEW  NO  OTHER  LAWS  OR  CUSTOMS  OR  CONVENTIONS  FOR  THE 
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VERY  GOOD  REASON  THAT  THERE  WERE  NON.    WHAT  HE  WANTEO,  INCLUDING  A  MATE.  HE         J 
TOOK  -  IF  HE  WERE  STRONG  ENOUGH.    FROM  THE  INDIVIDUAL  HE  PROGRESSED  TO  THE  > 

FIRST  SOCIAL  UNIT,  THE  FAMILY.     IN  THE  COURSE  OF  CENTURIES  AS  MAN  PROPAGATED 
THE  FAMILY  EXPANDED  INTO  THE  TRIBE.     If  WAS  INEVITABLE,  HOWEVER,  THAT  CERTAIN 
RULES  OF  CONDUCT  BEGAN  TO  BE  ENFORCED  BY  TRIBAL  HEADS  IN  ORDER  TO  PRESERVE  THE 
STRENGTH  AND  RESOURCES  OF  THE  TRIBE  FOR  THE  PURPOSES  OF  DEFENCE  AND  OFFENCE 
AGAINST  OTHER  TRIBES.     IT  WOULD  NEVER  HAVE  DONE  TO  HAVE  HAD  THE  STRONGEST 
WARRIORS  KILLED  OFF  BY  TRIBAL  EIGHTS  OVER  POSSESSION  OF  THINGS,  WIVES  OR 
OTHER  CHATTELS.    THE  LAW  OF  THE  TRIBE  WAS  THE  WORD  OF  THE  CHIEF.    As  THESE 
NOMADIC  BANDS  INCREASED  IN  SIZE  AND  STRENGTH  AND  KNOWLEDGE,  GRADUALLY  SETTLED 
DOWN  IN  DEFINITE  AREAS,  CUSTOMS  AND  CONVENTIONS,  THAT  IS  TO  SAY,  OF  RULES 
OF  CONDUCT,  GREW  IN  NUMBER.    NEW  RULES  WERE  SLOWLY  DEVELOPED  TO  MEET  NEW 
CONDI TIONS. 

Tribes  developed  and  became  races  and  races 

BECAME  NATIONALITIES,  EACH  WITH  ITS  OWN  SET  OF  CUSTOMS  AND  CONVENTIONS,  BOTH 
SIMILAR  AND  OISSIMILAR,  SUITED  TO  THE  PECULIARITIES  OF  LIFE  AS  AFFECTED  BY 
GEOGRAPHICAL  AND  ATMOSPHERIC  CONDITIONS,  RACIAL  CHARACTERISTICS  AND  SO  FORTH. 

Then,  (l  am  taking  you  swiftly  over  the  centuries)  writing  was  developed  and 

BROUGHT  A  TREMENDOUS  CHANGE.    THE  EXISTING  RULES  OF  CONDUCT,  OR  CUSTOMS  AND 
CONVENTIONS,  NOW  KNOWN  TO  US  GENERALLY  BY  THE  TERM  "THE  COMMON  LAW",  THAT  IS 
THE  LAW  COMMON  TO  EVERYONE,  GRADUALLY  BEGAN  TO  BE  CODIFIED  AND  FIXED  IN 
WRITTEN  STATUTES.     As  THE  CENTURIES  PROGRESSED  MORE  AND  MORE  OF  THESE  UN- 
WRITTEN LAWS,  THESE  COMMON  LAWS,  BECAME  STATUTE  LAW,  SUCH  AS  THE  CRIMINAL 

Code  and  The  Sale  of  Goods  Act,  to  name  two  familiar  ones.  Then,  of  course, 

COURTS  BEGAN  TO  BE  SET  UP  TO  OEAL  WITH  DISPUTES  AND  INTERPRET  THE  COMMON 

law  and  Statute  law,  and  thus  came  into  existence  another  body  of  law,  the 
legal  precedents  of  judicial  decisions.  and  so  tooay  we  have  three  kinds 
of  law,  so  to  speak,  the  common  law,  statute  law  and  judicial  precedents. 

The  common  law  is  still  a  living  force  and  is 
constantly  being  called  upon  more  generally  perhaps  in  mercantile  matters, 
where  the  trade  or  local  customs,  in  themselves  minor  common  laws,  are  used 
to  interpret  and  oefine  mercantile  contracts,  but  we  find  that  the  common 
law  is  constantly  being  called  into  consideration  of  the  courts. 

Primarily  Common  Law.  therefore,  is  the  dist- 
inction BETWEEN  UNWRITTEN  AND  WRITTEN  LAW.     IT  RECEIVES  ITS  SANCTION  AND 
BINDING  POWERS  NOT  FROM  ACTS  OF  PARLIAMENT  BUT  FROM  LONG  AND  IMMEMORIAL 
USAGE  AND  UNIVERSAL  RECEPTION  AND  ACCEPTANCE  BY  THE  PEOPLE.     THE  AUTHENT- 
ICITY OF  THESE  CUSTOMS,  RULES  AND  MAXIMS  RESTS  ENTIRELY  UPON  THAT  RECEPTION 
AND  USAGE  AS  ESTABLISHED  AND  AS  DECLARED  AND  PROTECTED  BY  THE  COURTS   THAT 

is  by  a  Judge  or  a  Judge  and  a  Jury  who  are  the  depositaries,  so  to  speak, 

AND  THE  INTERPRETERS  OF  OUR  COMMON  LAW.    BUT  COMMON  LAW  DEALS  WITH  THE 
RIGHTS  AND  OBLIGATIONS  OF  HUMAN  BEINGS  REGULATING  THEIR  CONDUCT  ONE  WITH 
ANOTHER,  AND,  WITH  THE  ESTABLISHMENT  OF  GOVERNMENT  WITH  ITS  FUNCTION  OF  LAW- 
MAKING, AS  DISTINCT  FROM  THE  NATURAL  GROWTH  OR  EVOLUTION  OF  CUSTOMS,  IT  WAS 

INEVITABLE  THAT  MUCH  NEW  LAW  WOULD  BE  INITIATED  TO  TAKE  CARE  OF  NEW  EVILS  OR 
CONDITIONS  ARISING,  OR  TO  CREATE  NEW  CONDITIONS  AND,  SOMETIMES,  MEW  EVILS. 

|T  WAS  ALSO  INEVITABLE  THAT  IN  THE  COURSE  OF  TIME  NEW  POWERS,  NEW  AUTHORITIES 
NEW  FORMS  OF  HUMAN  ACTIVITY,  CREATED  PURELY  BY  THIS  LAW-MAKING  MACHINERY.  WOULD 

be  evolved. 

Statute  Law  needs  no  explanation.    It  is  the 

LAW,  BOTH  CRIMINAL  AND  CIVIL,  WH I CK  HAS  BEEN  ENACTED  BY  PARLIAMENT  BEING 
EITHER  A  CODIFICATION,  THAT  IS  A  PUTTING  IN  WRITING,  OR  EXISTING  COMMON  LAW, 
THAT  IS  TO  SAY  OF  EXISTING  CUSTOMS,  RULES  OR  MAXIMS,  OR  THE  ENACTMENT  OF 


-  190  - 


rNT.RELY  NCW  LAW.     IT  KAY  BE  USEFUL  HERE  TO  POINT  OUT  THAT  AS  THE  COMMON 

^i«T  MoomED    An  example  9  that  sheep  stealing,  jn  England,  once  was 

nT    HANGING    7mORE  RECENT  AND  LOCAL  .LLUST  RATION  IS  PROH,  BIT.ON 

wmcH  was  enacted  ,n  1917  010  not  receive  universal  sanction  by  the  people 

AND  WAS  REPEALED  IN  1929-      ' 

It  might  be  well  to  commence  with  a  definition 

mr  POLLUT.0N  AS  ESTABLISHED  BY  THE  COMMON  LAW,  AND  TO  MENTION  THE  RlOOURS  OF 

T  e'mmon  °M  ."lis  application  as  '--trateo  BY  some  establishe  c  s  Er 
IN  other  words,  what  are  the  rights  of  individuals  at  common  law  when 

IS  POLLUTED? 

POLLUTION,  AS  NOTED  IN  THE  ENGLISH  TEXT  BY 
SALMOND  ON  THE  LAW  OF  TORT  "INCLUDES  ANY  ALTERATION  OF  THE  NATURAL  QUALITY 

IN  TERMS  OF  MONEY. 

POLLUTION  HAS  DISTURBED  THE  MANUFACTURERS  OF 
SCOTCH  WH,SKEr  ,.  SCCTL.KO.     M  ««  •^'"EV^S  ^"cOKC^.O 

ABLE  FOR  THE  DISTILLATION  OF  WHISKEY.    THE  C.-l -IE..  .  u. 

RESTORE  IT  FIT  FOR  ORDINARY  PRIMARY  USE.    LO-.   W  PBIMARY  USE  HE  HAS 

ANY  RIGHT  TU  al  it.it  a i par  I  AN  PROPRIETOR  BELOW  . 

ARTIFICIAL  MEANS,  *«u  •  *""'  J  ««.-—»  nr  r  i  Turn  PROPERTY   WHICH 

Their  Lordships  concurred  with  the  view  of  the 

LOWER  COURT  WITHOUT  ANY  SUGGESTION  THAT  WMSKEY,  AS  A  CONSUMER  PRODUCT, 
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SHOULD  BE  GIVEN  A  PREFERENCE  OVER  COAL.    THIS  CASE  SERVES  TO  ILLUSTRATE  THAT 
A  RIPARIAN  OWNER  HAS  A  VERY  DECIDED  REMEOY  IN  COURT  AND  THAT  THE  COURTS  WILL 

assist  him  immeasurably  dy  exercising  their  judicial  discretion  in  favour  of 
an  injunction. 

Pollution  by  sewage  was  dealt  with  by  the  Courts 

AS  EpfflY  *3     9;   IN  THE  CASE  0F  W00°  AND  AN0"I"HER  VS.  WAUO  AND  OTHERS,  REPORTED 

in  1o4o  3  Exchequer  Court  Reports  at  page  798,  the  plaintiffs  were  the  owners 
of  certain  mills  in  Yorkshire,  England,  and  by  reason  thereof,  the  case  noted, 
"ought  to  enjoy  the  advantage  of  a  water  course  called  the  Bowling  3eck,  which 
ought  to  have  run  and  flowed  in  greapundance  and  purity  and  without  the  dis- 
TURBANCE, POLLUTION  AND  HEATING  THEREINAFTER  MENTIONED,  TO  THE  SAID  MILLS1'. 
THE  DEFENDANTS  WRONGFULLY  DISCHARGED  THE  FOLLOWING  INTO  THE  WATER;-    "QUANTIT- 
IES OF  FOUL,  NOXIOUS;   IMPURE  AND  OFFENSIVE  MATERIALS,  TO  WIT,  LESS  OF  SOAP 
AND  THE  WASHINGS,  FILTH  AND  REFUSE  OF  WOOL;  TO  WIT   WOOL  WHICH  THE  DCFEI.'DANTS 
HAD  WASHED  NEAR  AND  ABOVE  THE  SAID  MILLS,  AND  OTHER  DIRT,  FILTH  AND  IMPURITY, 
AND  ALSO  DISCHARGED  AND  POURED  INTO  AND  MIXED  WITH  THE  WATER  OF  THE  SAID  WATER- 
COURSE, QUANTITIES  OF  HOT  WATER,  GY  MEANS  WHZREOF  THE  WATER  OF  THE  SAID  WATER- 
COURSE WAS  RENDERED  FOUL,  DIRTY,  HEATED,  SPOILED  AND  UNFIT  TO  BE  USED  FOR 
WORKING  THE  SAID  MILLS".    THE  PLAINTIFFS  PLEADING  CONTINUED  ON  AT  GREAT 
LENGTH  AND  FROM  THIS  EXAMPLE,  YOU  WILL  SEE  THAT  A  RIPARIAN  OWNER  CAN  EXPRESS 
HIMSELF  VERY  FORCEFULLY.    THE  FACTS  OF  THE  CASE  SUGGEST  THAT  HE  HAD  BEEN 
SADLY  ABUSED  AND,  AS  WAS  STATED,  "GREATLY  DAMNIFIED".    THE  JUDGMENT  OF  THE 

Court  was  delivered  by  Chief  Baron  Pollock  one  of  the  greatest  jurists  of  the 
day.   The  Jury  found  as  a  fact  that  the  pollution  of  a  natural  stream  did  no 

ACTUAL  DAMAGE  TO  THE  PLAINTIFFS,  EECAUSE  IT  WAS  ALREADY  POLLUTED  BY  ACTS  OF 
SIMILAR  MILL  OWNERS  ABOVE  THE  DEFENDANTS'  MILLS-     HlS  LORDSHIP  THOUGHT, 
HOWEVER,  THAT  THE  PLAINTIFFS  HAD  RECEIVED  DAMAGE  IN  POINT  OF  LAW.     THERE 
WOULD  APPEAR  TC  BE  NO  RIGHT  OF  REASONABLE  POLLUTION,  AS  IF  THE  OTHER  SOURCES 
OF  POLLUTION  SHOULD  BE  DISCONTINUED  THE  PLAIMIFFS  WHO  WOULD  OTHERWISE  HAVE 

had,  in  that  case,  pure  water,  would  be  compelled  to  submit  to  the  pollution 
of  the  defendant.   this,  indeed,  is  very  strict  rule  of  law  which  has 
recently  been  supported  in  canada. 

the  rights  of  a  riparian  owner  insofar  as 
Canadian  law  goes,  have  been  brought  to  the  fore  in  the  well  known  and 

IMPORTANT  CASE  OF  MCK I E  ET  AL  VS.  THE  «AL  AMAZON  VEGETABLE  PARCHMENT  COMPANY 

Limited,  reported  in  I<$8  Ontario  Reports  at  page  398.   Here  the  Common  Law 

WAS  APPLIED  OUT  ITS  RIGOURS  AS  FAR  AS  THIS  CASE  IS  CONCERNED,  A3  WE  SHALL 
SEE  LATER,  WF.RF  SUBSEQUENTLY  MITIGATED  BY  AN  ACT  OF  THE  LEGISLATIVE  ASSEMBLY 

of  Ontario.   The  facts  may  be  briefly  stated  as  follows:   The  plaintiffs 

WERE  RIPARIAN  OWNERS  ON  THE  SPANISH  RlVER,  ALL  OPERATING  TOURIST  CAMPS  OF 
VARYING  ACCOMMODATION.     K . V. P. COMP ANY  OPERATED  ITS  PLANT  FOR  THE  PURPOSE  OF 
MANUFACTURING  KRAFT  PAPER  BY  THE  SULPHATE  PROCESS  AND  DISCHARGED  INTO  T.!£ 
RIVER  LARGE  QUANTITIES  OF  FOREIGN  MATTER  UP  STREAM  FROM  THE  PROPERTY  OF  THE 
PLAINTIFFS.    THE  PLAINTIFFS  CLAtMEO  DAMAGES  AND  ASKED  FOR  AN  INJUNCTION  ON 
THE  FOLLOWING  GROUNDS:- 

1.  Their  comfortano  the  enjoyment  of  their  land  is  interfered  with  by 
reason  of  foul  odors  given  off  from  the  water. 

2.  The  water  has  been  rendered  unfit  for  human  consumption  either  in 
its  raw  state  or  after  it  has  been  boiled. 

3-   the  ice  taken  from  the  river  for  domestic  use  is  unfit  for  the 
purposes  for  which  it  is  used. 
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k.  THE  WATER  IS  REPULSIVE  TO  FARM  ANIMALS  ANO  MILKING  COWS  WILL  NOT  CR I NK 

IT  IN  SUFFICIENT  QUANTITIES  TO  MAINTAIN  NORMAL  MILK  SUPPLY- 

5.  the  water  is  unfit  to  bathe  in. 

6.  Wild  rice,  which  has  formerly  grown  in  abundance  in  the  waters  of  the 
river,  forming  a  feeding  ground  for  wild  ducks;  has  been  destroyed. 

After  considering  the  evidence,  given  at  great 
length  by  factual  and  expert  witnesses,  chief  justice  mcruer,  found  that  the 
waters  of  the  spanish  rlver  eelow  the  defendant's  plant  had  been  polluted  in 
such  a  manner  a3  to  change  the  character  and  su2st ant  i  ally  affect  the  use  to 

WHICH  THE  PLAINTIFFS  WERE  ENTITLED  TO  PUT  THEM  ANO  TO  INTERFERE  WITH  THE  EN- 
JOYMENT OF  THE  PLAINTIFFS  AS  CCCUMER3  OF  RIPARIAN  LANDS.     POLLUTION  OF  THE 
WATER  WAS  FOUND  TO  HAVE  AFTECTED  THE  FISHIMG  AND  THtRE  WAS  SOME  EVIDENCE  THAT 
THE  RICE  BEDS  HAD  DISAPPEARED.    CHIEF  JUSTICE  MC-liUER  STATED  THAT  THE  ORIGIN 

of  the  Common  Law  goes  back  to  am  cf.yond  the  Roman  Law,  and  we  reviewed  the 
authorities  which  emphasize  the  strictness  of  the  common  law.   trie  absolute 

RIGHT  OF  THE  RIPARIAN  OWNER  IS  NOTED  BY  THE  CHIEF  JUSTICE  IN  A  QUOTATION  FROM 
THE  CASE  OF  PENNINGTON  VS.  EiR  I MSO?  COAL  COMPANY,  REPORTED  IN  l8"/7  5  CHANCERY 

Division  at  page  769,  where  Mr.  Justice  Fry  stated  "that  the  case  of  a  stream 
affords  a  veey  clear  illustration  of  the  diffepence  between  injury  and  damage j 
for  the  pollution  of  a  clear  stream  is  to  a  riparian  proprietor  below  both 
injury  and  damage,  whilst  the  pollution  of  a  stream  already  made  foul  and  use- 
less by  other  pollutions  is  an  injury  without  damage,  which  would  however,  at 
once  become  both  injury  and  damage  on  the  cessation  of  the  other  pollutions1'. 
Chief  Justice  McRueh  then  stated  that  it  is  not  a  defence  to  this  action  to 
show  that  the  waters  of  the  river  werl  in  some  measure  polluted  by  the  munic- 
IPALITY OF  ESPANOLA,  HIGHER  UPSTREAM,  OR  OTHERS  RESPONSIBLE  FOR  THE  PRESENCE 
OF  COLON  BACILLI  THEREIN. 

PERHAPS  THE  CASE  IS  OF  GREATER  SIGNIFICANCE  WHERE 

it  deals  with  the  question  of  remedies.   evidence  was  adduced  as  to  the  im- 
portance of  the  business  in  the  community  and  that  it  was  carried  on  in  proper 
manner.   Chief  Justice  MjRuer  was  of  the  opinion  that  neither  of  these  elem- 
ents SHOULD  BE  CONSIDERED  IN  A  CASE  OF  THIS  CHARACTER,  NOR  APE  THE  ECONOMIC 

necessities  of  the  defendant  relevant  to  be  considered.    indeed  chief  justice 
mcruer  felt  that  if  he  we^"  to  consider  such  an  argument  he  would  in  effert  be 
giving  the  defendant  a  veritable  power  of  expropriation  of  the  common  law 
rights  of  riparian  owntrs,  ano  without  compensation.   the  court  exercised  its 
discretion  in  favour  of  an  injunction  restraining  the  defendant  from  depositing 
foreign  substance  in  the  spanish  rlver,  eut  its  operation  was  stayed  for  six 
months  "in  order  to  give  the  defendant  an  opportunity  to  provide  other  means  of 
disposal  of  its  noxious  fluid1'. 

On  appeal  to  the  Supreme  Court  of  C-nada,  reported 
in  19^9,  Supreme  Court  Reports,  page  698,  on  the  issue  as  to  whether  an  in- 
junction SHOULD  OF.  GRANTED,  M^ .  1'l'STICE  KERWIN,  NOW  CHIEF  JUSTICE,  IN  DELIVER- 
ing judgment  again  rej-'erred  to  the  rigours  of  the  common  law  stating  that  the 
rights  cf  riparian  owners  have  always  been  zealously  guarded  by  the  court, 
the  law  clearly  indicated  that  an  injunction  was  the  proper  remedy  and  mr. 
Justice  Kef»win  was  cf  the  opinion  that  the  Count's  discretion  shoulo  not  be 
exercised  against  "a  current  of  authority  which  is  of  many  years  standing". 
His  Lordship  concludeo  by  stating  the  injunction  should  be  stayed  for  a  period 
of  six  months. 

You  will  note  that  the  Courts  felt  bound  to  the 
stringencies  of  the  common  law  to  the  extent  of  ignoring  the  exigencies  of  the 
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defendant  company  and  the  community  which  derived  its  living  thereby. 

The  same  question  arose  in  the  whiskey  distil- 
lery CASE  MENTIONED  ABOVE  WHERE  COUNSEL  INVITED  THE  COURT  TO  APPLY  AN  AMERICAN 

Case,  Pennsylvania  Coal  Company  vs.  Sanderson,  reported  in  $6,   American 
Reports  at  page  89  and  decioed  in  1866.  There  Lord  Shano  noted  that  the  en- 
ormous VALUE  OF  THE  MINING  INDUSTRY  IN  THE  DISTRICT  OF  PENNSYLVANIA  MIGHT 

have  given  some  reason  to  appeal  to  the  legislature  to  pass  a  special  act  to 
restrain  any  proceeding  by  injunction,  but  felt  the  case  had  no  application 
to  the  present  one  as  the  oec i s i  on  was  based  on  special  c i rcumst ance3 ,  m   to 
the  great  relative  value  of  coal  mining  to  the  community.   he  also  felt  that, 
in  any  view,  such  a  case  made  law  rather  than  interpreted  it  so  as  to  give 
effect  to  the  well  recognized  principles  of  common  interests  of  upper  and 
lower  proprietors  in  the  running  water  of  a  stream.   the  case  does,  however, 
recognize  that  a  difficult  and  perplexing  situation  could  well  exist  where  it 
becomes  more  a  matter  of  a  balance  of  interests  than  a  matter  of  law.   that 
this  can  be  so  is  illustrated  by  the  end  result  of  the  k.v.p.  company  case 
where  a  special  act  of  the  legislature  was  enacted  that  had  the  effect  of 
nullifying  the  judgments  of  the  courts.   as  some  of  you  may  recall,  the 
injunction  of  the  k.v.p.  case  would  have  had  the  result  of  putting  the 
Company  out  of  action  and  of  threatening  the  community  with  economic  disaster. 

The  relevant  Statute  is  found  in  the  Ontario 
Statues,  1950,  Chapter  33  and  is  entitled  "An  Act  Respecting  the  K.V.P". 
Company  Limited".   The  Act  was  assented  to  on  April  ^st,   195°»  ano  it  notes 
inpart  in  Section  l(l)  that  "whether  or  not  its  operation  is  now  stayed 
every  injunction  heretofor  granted  against  the  k.v.p. company  limited,  herein 
called  "the  Company"  restraining  the  Company  from  polluting  the  waters  of 
the  Spanish  River  is  dissolved". 

It  is  also  noted  in  the  Statue  that  all  rights 
to  damages  are  preserveo  and  ihat  the  Act  shall  not  prejudice  the  right  of 
any  person  to  bring  any  action  ,  that  is  for  damages  or  injunction  or  both, 
against  the  company  arising  from  the  pollution  from  the  waters  of  the  spanish 
River.   The  Act  provides  that  in  lieu  of  bringing  an  action,  any  person 
suffering  damage  may  require  the  company  to  submit  the  matter  for  arbitration. 

you  will  see  the  act  specifically  deals  with  the 
K.V.P. Company  and  the  Spanish  River  and  does  not  purport  to  lay  down  any 

BROADER  PRINCIPLE.     IT  DOES,  HOWEVER,  SET  DOWN  A  VERY  IMPORTANT  PRECEDENT 
WHICH  RECOGNIZES  THAT  THE  COMMON  LAW  HAS  GOT  ITSELF  INTO  A  VERY  TIGHT  CORNER, 
AND  THAT  IN  THIS  PARTICULAR  FIELD,  IS  SEEMINGLY  INCAPABLE,  MAY  BE  PROPERLY. SO, 
OF  ADAPTING  ITSELF  TO  PRESENT  DAY  SITUATIONS. 

Prior  to  the  enactment  of  the  K.V.P. Company  Act, 
but  while  the  case  was  still  on  appeal,  the  legislature  refealed  section  30 
of  The  Lakes  and  Rivers  Improvement  Act  and  substituted  the  following  section:- 

30. -(1)  In  this  section  "mill"  means  a  plant  or  works  in  which  logs  or 
wood-bolts  are  processed  and  includes  a  saw  mill,  a  pulp  mill, 
and  a  pulp  and  paper  mill. 

(2)  Where  in  an  action  or  proceeding  a  person  claims,  and  but  for 
this  section  would  be  entitled  to,  and  injunction  against  the 

OWNER  OR  OCCUPIER  OF  A  MIlL  FOR  AN  INJURY  OR  DAM  AGE,  DIRECT 
OR  CONSEQUENTIAL,  SUSTAINED  BY  SUCH  PERSON,  OR  FOR  ANY  INTER- 
FERENCE DIRECTLY  OR  INDIRECTLY  WITH  ANY  RIGHTS  OF  SUCH  PERSON 
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AS  RIPARIAN  PROPRIETOR  OR  OTHERWISE,  BY  REASON  OR  IN  CONSE 
LlUENCE  OF  THE  THROWING,  DEPOSITING  OR  DISCHARGING,  OR  PER- 
MITTING THE  THROWING,  DEPOSITING  OR  DISCHARGING  OF  ANY 
REFUSE,  SAWDUST,  CHEMICAL,  SU3STANCE  OR  MATTER  FROM  THE  MILL 
OR  FROM  IT  AND  OTHER  HILLS  INTO  ANY  LAKE  OR  RIVER;  OR  L>Y 
REASON  OR  IN  CONSEQUENCE  OF  ANY  ODOUR  ARISING  FROM  ANY  SUCH 
REFUSE,  SAWDUST,  CHEMICAL,  SUBSTANCE  OR  MATTER  SO  THROWN, 
DEPOSITED  OR  DISCHARGED  OR  SO  PERMITTED  TO  BE  THROWN, 
DEPOSITED  OR  DISCHARGED,  THE  COURT  OR  JUDGE  MAY,- 

(a)  REFUT.E  TO  GRANT  AN  INJUNCTION  IF  IT  IS  PROVED  THAT  HAVING 
REGARD  TO  ALL  THE  C I RCUM3 T ANCLS  AND  TAKING  INTO  CONS  I OUi  AT  I  ON 
THE  IMPORTANCE  OF  THE  OPERATION  OF  THE  MILL  TO  TIIS  LOCALITY 
IN  WHICH  IT  OPERATES  AHV     1IIE  BENEFIT  AIJD  ADVANTAGE,  DIRECT 

AND  CONSEQUENT  I AL  ,  WHICH  THE  OPERATION  OF  THE  MILL  CONFERS 
ON  THAT  LOCALITY  AND  ON  THE   I  NH Ab  I  T £ MTS  OF  THE  LOCALITY. 
AND  WEIGHING  THE  SAME  AGAINST  T|.'E  PRIVATE  INJ'JRY,  PAMGE  OR 
INTERFERENCE  COMPLAINED  OF,   IT  IS  ON  THE  WHOLE  PROBER  AND 
EXPEDIENT  NOT  TO  GRANT  THE  INJUNCTION;     OR 

(b)  GRANT  AN  INJUNCTION  TO  TAKE  EFFECT  AFTER  SUCH  LAPSE  OF  TIME 

or  upon  such  terms  and  conditions  or  subjlct  to  such  limit- 
ations or  restrictions  as  may  be  deemed  proper;  or 

(c)  in  lieu  of  granting  an  injunction,  direct  that  the  owner  or 

occupant  of  the  mill  take  such  measures  or  perform  such 
acts  to  prevent,  avoid,  lessen  or  diminish  the  injury, 
damage  or  interference  complained  of  as  may  be  deemeo  proper. 

(3)  Nothing  in  subsection  2   shall  affect  any  right  of  ihe  person  claim- 
ing THE  INJUNCTION  TO  DAMAGES  AGAINST  THE  OWNER  OR  OCCUPIER  OF  THE 
MILL  FOR  ANY  SUCH  INJURY,  DAMAGE  OR  INTERFERENCE. 

(h)     Where  damage  from  the  same  cause  continues  the  person  entitltd  to 
the  damages  may  apply  from  time  to  time  in  the  same  action  or 
proceeding  for  the  assessment  of  subsequent  damages  or  for  any 
other  relief  to  which  by  subsequent  events  he  may  from  time  to 
time  become  entitled. 

(5)  This  section  shall  apply  whether  the  injury,  damage  or  interference 
is  or  is  not  a  continuing  one,  and  whether  the  person  claiming  the 
injunction  in  the  action  or  proceeding  is  a  plaintiff  or  is  a 
defendant  proceeding  qy  way  cf  counter-claim. 

(2)  Section  30  the  The  Lakes  and  Rivers  Improvement  Act,  as  re-enacted  ey 
subsection  1  of  this  section,  shall  ftpply  to  every  action  or  proceeding 
in  which  an  injunction  is  claimed  in  respect  of  any  of  the  matters 
mentioned  iu   such  section,  including  every  pending  action  and  proceeding 
and  including  every  action  or  proceeding  in  which  an  injunction  has  been 
granted  and  in  which  at'y  appeal  is  pending. 

This  Section  applies  to  a  mill  such  as  the  mill  of 
the  K.V, P. Company.   The  definition  of  a  lake  in  The  Lakes  and  Rivers  Improve- 
ment Act  includes  a  pond,  and  the  definition  of  a  river  includes  a  creek  AND  (■ 
stream.    In  effect,  the  Section  gives  the  Court  a  wide  discretion  as  to  the 
granting  of  an  injunction  where  it  may  prove  prejudicial  to  the  community  AS  A 
whole.   You  will  note,  however,  that  the  Section  states  that  the  Court  or 
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Judge:  may  refuse  to  grant  an  injunction  jt  it  is  proved  that  its  result  would 
have  a  harmful  effect  .  1nd  also  the  court  of.  judge  hay  grant  an  injunction  to 
take  effect  after  a  .jiipulated  time  and  on  ''.stain  terms  and  conditions.    it 
might  also  de  added  that  this  scction  has,  10  a  considerable  extent,  changed 
the  course  of  the  common  law  insofar  as  the  remedies  of  a  riparian  owner 
against  a  pulp  and  paper  mill  are  concerned. 

i  now  wish  to  mention  some  of  the  statutory  prov- 
isions dealing  with  pollution  of  watercourses  within  a  municipality. 


fTi 


1  .   PROVISIONS  IN  THE  MUM  iC  I  PAL  A' 

A  MUNICIPALITY  MAY  PASS  A  BY-LAW  PURSUANT  TO 

Section  3^(1)  119(A)  0F  The  Municipal  act  "for  prohibiting  and  regulating 

THE  DISCHARGE  OF  ANY  GASEOUS,  LIQUID  OR  SOLID  MATTER  INTO  LAND  DRAINAGE  WORKS, 
PRIVATE  BRANCH  DRAINS  ANO  CONNECTIONS  TO  ANY  SCWER,  SEWER  SYSTEM  OR  SEWAGE 

works  for  the  carrying  away  of  domestic  sewage  or  industrial  wastes  of  both, 
whether  connected  to  a  treatment  works  or  not".   this  section  was  enactlo  in 
1953-  aho'j  ag  you  see,  could  be  invoked  to  restrain  individuals  or  industry 
from  overloading  a  sewer  in  the  mun i c i p al i ty  or  prohibiting  its  use  for 
certain  purposes. 

There  is  also  the  power  to  pass  a  by-law  to  pro- 
hibit AND  ABATE  A  PUBLIC  NUISANCE,  WHICH  COULD  INCLUDE  POLLUTION,  PURSUANT 

to  Section  3$&(1)  113j  an0  also  by  Section  388(1)8,  to  make  regulations  for 
sewerage  or  drainage  that  may  be  deemed  necessary  for  sanitary  purposes. 

a  municipality  may  pass  a  by-law  for  imposing 
penalties  of  not  more  than  $50.00  exclusive  of  costs  upon  every  person  who 
contravenes  any  by-law  passed  under  the  authority  of  this  act.   there  is, 
however,  no  duty  upon  a  municipality  to  enforce  a  by-law  which  it  has  en- 
acted in  the  exercise  of  a  d  i  sct  '  t  i  on  ar  y  power.   the  courts  have  held  that 
a  municipality  is  free  to  enact  or  not  to  enact,  and  having  enacted,  may 
repeal  without  any  responsibility  which  can  be  examined  by  the  courts- 

in  addition  to  this  penalty,  is  the  more  signif- 
icant sanction  set  forth  in  section  ^7  0f  the  municipal  act,  providing  that 
any  such  contravention  may  be  restrained  by  action  at  the  instance  of  the 
corporation  or  a  ratepayer.   you  will  note  this  pcwer  is  permissive. 

The  case  of  the  City  of  Toronto  vs  Rudd  &  Rudd 
reporte0  in  1952*  on  ario  reports  at  page  8^4 ;  concerned  the  operation  of  a 
private  hospital  on  castle  frank  road  in  rosedale,  toronto,  contrary  to  a 
by-law.   This  was  not  a  pollution  case  but  it  noted  that  the  granting  of  an 
injunction  under  section  1*97-  ls  discretionary  and  is  not  granted  unless  a 
clear  case  has  been  made  out  to  the  court.   cong  i der able  weight  was  given  to 
the  argument  that  the  clty  was  dilatory  in  pursuing  the  action.   the  court, 
however,  exercised  its  discretion  in  favour  of  the  injunction,  but  stayed  its 
operation  for  eighteen  months  to  give  the  defendant  an  opportunity  to  make 
other  arrangements. 

Thus,  the  Courts  are  very  chary  when  confronted 
by  a  request  for  an  injunction  at  ih'.suit  of  a  municipality.  however,  the 
remedy  is  there  and,  as  noted  in  the  jove  case,  has  received  the  support  of 
the  Courts.  Presumably,  theref<pf:,  a  municipality  could  invoke  this  power, 
under  Section  l+97>  to  restrain  inl.  ..•.*; ?y  depositing  industrial  wastes  within 
its  sewer  system. 
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II.   PROVISIONS  IN  THE  PU8LIC  HEALTH  ACT: 

Section  102(1)  of  The  Public  Health  Act,  R.S.O. 
Chapter  $06,   deals  with  the  public  water  supply  and  gives  the  Departmznt  of 
Health  the  right  to  supervise  springs,  wells,  ponds,  lakes,  streams  or  rivers 
used  as  a  source  for  public  water  supply,  and  also  gives  the  department  the 
right  to  examine  from  time  to  time  and  inquire  what,  if  any,  pollution  exists 
and  the  causes  thereof. 

Subsection  (2)  gives  the  Department  a  right  of 
inquiry  into  and  to  hear  and  determine  any  complaint  made  by  or  on  behalf  of 
any  riparian  proprietor  who  complains  of  polluted  waters. 

Subsection  (3)  gives  the  Department  the  right 
to  make  a  report  as  to  what  remedial  measures  are  required  in  respect  of  the 
invasion  of  any  rights  such  as  those  of  a  riparian  owner. 

sudsection  (k)   provides  that  if  the  department 
recommends  the  removal  of  any  polluting  material  any  riparian  proprietor  may 
apply  to  a  Supreme  Court  or  a  County  Court  Judge  for  an  order  requiring  the 
removal  or  abatement  of  the  injury  in  terms  of  the  report  and  to  restrain  the 
proprietors  of  the  industry  from  carrying  on  the  same,  or  the  offending  party 
or  parties  from  continuing  the  acts  complained  of,  until  the  invasion  of  the 
right  has  been  abated  to  the  satisfaction  of  the  department.   this  does  not 
necessarily  mean  to  the  satisfaction  of  the  riparian  owner  or  the  court, 
should  he  seek  redress  there. 

These  Sections  may  be  invoked  by  the  Department 
to  protect  the  health  of  the  community  and  for  agricultural,  domestic  or 
industrial  purposes  and  thereby  are  broad  enough  in  scope  to  include  claims 
arising  out  of  pollution.   the  provision  allowing  a  supreme  court  or  county 
Court  Judge  to  make  an  order,  is  permissive,  and  is  in  addition  to,  At»3  an 
alternative  right,  to  that  given  by  the  common  law,  and  should  not  de  deemed 
to  derogate  f30m  the  common  law  doctrine  ok  an  individual's  right  to  bring 
an  action  as  a  riparian  owner. 

Section  103  of  The  Public  Health  Act  prohibits 
the  dep05itjng  of  foreign  matter  in  waters  and  decause  of  its  importance  in 
a  case  later  to  be  discussed,  i  quote  it  verbatim. 

1 03- { 1 )  no  garbage,  excreta,  manure,  vegetable  or  animal  matter  or 

filth  shall  be  discharged  into  or  be  deposited  in  any  of  the 
lakes,  rivers,  streams  or  other  waters  in  ontario  or  on  the 
shores  or  banks  thereof,  and  no  industrial  or  other  wastes 
dangerous  or  liable  to  become  dangerous  to  health  or  to  become 
a  nuisance  or  to  impair  the  safety,,  palatability  or  potability 
of  the  water  supply  of  any  municipality  or  riparian  owner, 
shall  be  discharged  into  or  be  deposited  in  any  of  the  lakes, 
rivers,  streams  or  other  waters  of  ontario,  or  on  the  shores 
or  banks  thereof. 

(2)  The  owners  and  officers  of  boats  and  other  vessels  plying 
upon  any  such  lake,  river,  stream  or  other  water  shall  so 
dispose  of  the  garbage,  excreta,  manure,  vegetable  or  animal 
matter  or  filth  upon  such  boats  or  vessels  as  not  10  create 
a  nuisance  or  enter  or  pollute  such  lake,  river,  stream  or 
other  water. 
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(3)  Residents  of  a  health  resort  or  summer  resort  shall  so 
OiSPOSE  of  garbage,  excreta,  manure,  vegetable  or  animal 

MATTER  OR  FILTH  AS  NOT  TO  CF'f.A-E  A  NUISANCE  OR  PERMIT  OF 
ITS  GAINING  ENTRANCE  TO  OR  POLLUTING  AMY  SUCH  LAKE,  RIVER, 
STREAM  OR  OTHER  WATER. 

ik)     Any  person  who  contravenes  any  of  the  provisions  of  this 
Section  shall  ee  -luifcT*  or  an  o<r»tttaC  and  umlz   to  a 

penalty  of  not  WW.*   mm   .f':''jO..OO  R«3.0^  1957;  c.2^'J,    s.?o. 

Section  105(1)  deals  withe  the  pollut'on  of  any 

SOURCE    or    PUBLIC    WATER    SUPPLY    FOR    fiWMKSTIC    USE     IN    THE    MUNICIPALITY    *K£    ***- 
HteiTS    THE    DEPOSITING    OF    SEWAGE,    WKRCl&L    OR    r*CTOft¥    REFUSE     IN    Slid*    WATERS 

Such  a  prohibition  even  covers  THE  surrounding  ft£C*  (H  case  twcwe  is  aw* 

SEEPAGE  THROUGH  THE  GROUND  ADJACENT  TO  ANY  WATER  SUUPCE.     A  PENALTY  IS 
IMfOSED  OF  NOT  LESS  THAN  $50 . GO  AND  NOT  MORE  THAN  $109.00,  TOGETHER  WITH  A 
FURTHER  PENALTY  FOR  EACH  WEEK'S  CONTINUANCE  OF  THE  OFFENCE. 

|  NOW  WISH  TO  DISCUSS  THE  LIABILITY  OF  A  MUNIC- 
IPALITY.   Suppose  an  industry  in  a  municipality  is  discharging  waste  into  a 

STREAM  TO  THE  ANNOYANCE  OF  A  DOWN-STREAM  RIPARIAN  OWNER.     CAN  THIS  RIPARIAN 
OWNER  CLAIM  ANY  DAMAGES  FROM  THE  MUNICIPALITY  FOR  ALLOWING  THE  INDUSTRY  TO 
DISCHARGE  ITS  WASTE  WITHOUT  DUE  REGARD  TO  THE  RIGHTS  OF  OTHERS,  AND  CAN  THE 
INDIVIDUAL  COMPEL  THE  MUNICIPALITY  TO  RESTRAIN  THE  INDUSTRY  FROM  CONTINUING 
TO  POLLUTE  THE  WATERS  OF  A  STREAM  OR  RIVER? 

WE  HAVE  SEEN  WHAT  COMMON  LAW  RIGHTS  THE  INDIVID- 
UAL POSSESSES,  AND  HOW  IN  THE  K.V.P.  COMPANY  CASE  HE  WAS  ABLE  TO  CURB  THE 
ACTIVITIES  OF  THE  COMPANY.     |T  IS  CONCEIVABLE  THAT  THE  EFFORTS  OF  A  MUNICIP- 
ALITY TO  RESTRAIN  THE  POLLUTION  OF  INDUSTRIAL  WASTE  ON  ITS  OWN  INITIATIVE 
COULD  RESULT  IN  THE  SAME  SITUATION,  THAT  IS  A  MUNICIPALITY  CAUSING  AN  INDUSTRY 
TO  CEASE  ACTIVITY,  WOULD  HAVE  AN  INJURIOUS  AND  HARMFUL  ECONOMIC  EFFECT  ON  THE 
MUNICIPALITY,  AS  WELL  AS  THE  INDUSTRY. 

TO  DATE  IT  WOULD  APPEAR  THAT  SOME  MUNICIPALITIES 
HAVE  BEEN  TOO  BUSY  WORRYING  OVER  THE  TREATMENT  AMD  DISPOSAL  OF  THEIR  DOMESTIC 
SEWAGE,  ANO  THEY  APPEAR  TO  FEEL  THAT  AN  INDUSTRY.  WITHIN  ITS  CONFINES,  IS  A 
SECONDARY  CONSIDERATION  INVOLVING  VAST  EXPENSE,  WHICH  PERHAPS  SHOULD  BE  BORNE 
IN  PART  BY  GOVERNMENT.     SOME  MUNICIPALITIES  ARE  ALLOWING  INDUSTRY  ACCESS  TO 
THEIR  SEWERS  WHERE  THEY  HAVE  SUFFICIENT  SEWER  CAPACITY,  WHICH  MAY  MAKE  THE 

municipality  liable  as  we  will  see  later  on. 

There  appears  to  be  no  principle  of  law  making  a 

MUNICIPALITY  LIABLE  FOR  POLLUTION  OF  STREAMS  OR  RIVERS  WITHIN  I T5  CONFINES 
CAUSED  BY  AN  INDUSTRY  THAT  IS  NOT  EXCLUSIVELY  UNDER  ITS  CONTROL  AND  THAT  IS 
NOT  DISCHARGING  INTO  THE  MUNICIPALITY'S  SEWERS.     THE  PROBLEM  OF  INDUSTRIAL 
WASTE  IS  ALSO  A  PROBLEM  OF  THE  MUNICIPALITIES  BUT  THE  MUNICIPALITY'S  LIABILITY 
IN  LAW  IS  AN  ENTIRELY  DIFFERENT  QUESTION.    A  MUNICIPALITY  IS  LIABLE  TO  AN 
INDIVIDUAL  IF  THE  MUNICIPALITY  KNOWINGLY  PERMITS  THE  ENTRY  OF  DELETERIOUS 
SUBSTANCES  INTO  ITS  OWN  SEWERS  OR  DRAINS,  WHICH  SUBSTANCES  RESULT  IN  A 
NUISANCE  OR  IN  AN  UNSANITARY  CONDITION.    SUCH  LIABILITY  IS  RESTRICTED  TO  THE 
SEWERS  OF  THE  MUNICIPALITY,  INSTALLED  AND  MAINTAINED  PURSUANT  TO  PERMISSIVE 
STATUTORY  AUTHORITY  AND  SUBJECT  TO  THE  APPROVAL  OF  THE  DEPARTMENT  OF  HEA'.TH 

as  set  out  in  Section  106  of  The  Public  Health  Act.   Such  municipal  liability 

IS  BASED  ON  THE  GROUND,  EXPRESS  OR  IM  LIED,  THAT  THE  MUNICIPALITY  IN  CONSTRUCT* 
ING  THE  SEWER  HAS  THE  INDEPENDENT  RIGHT  TO  DETERMINE  THE  CAPACITY,  LOCATION 
AND  OTHER  ENGINEERING  REQUIREMENTS  OF  THE  PARTICULAR  SEWER.     IT  IS  ALSO 
CLEARLY  ESTABLISHED,  AS  A  MATTER  OF  LAW,  THAT  A  MUNICIPALITY  IS  NOT  BOUND  TO 
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provioe  drainage  for  property  within  its  limits,  but  if  it  does  so  ano 
negligently  cgnsihuctr,  the  grains  of!  sewers  it  uill  be  held  responsible  for 
such  damages  as  may  ensue. 

i  propose  to  mention  only  one  case  with  regard 
to  municipal  liability  foil  the  discharge  of  industrial  effluent  into  ihf 
municipality's  drainage  system.   The  case  of  Gray  vs.  The  C^RPORATioh  of 
the  Town  of  Dundas  reported  in  1886  11  Ontario  Reports  at  page  31/-   Here 
the  defendant  maintained  a  drain  on  the  main  street  for  the  purpose  of 
carrying  off  surface  water  to  a  creek.   a  factory  requested  permission  to 
connect  with  the  sewer;  which  permission  1//s  grantfd.   however,  complaints 

/•ROSE  ALLEGING  THAT  THE  WATER  WAS  FOULED  BY  NAUSEOUS  MATTER  FROM  THC  FACTORY. 
WHEREUPON  THE  MUNICIPALITY  WITHDREW  ITS  PERMISSION  AND  THE  FACTORY  THEN 
UTILIZED  AN  OLD  CELLAR  AS  A  RESERVOIR.    THE  WATER  IN  THE  RESERVOIR  WAS 
ALLEGED,  HOWEVER,  TO  HAVE  FILTERED  THROUGH  THE  SOIL  TO  THC  DRAIN.    THE  DR A  I N , 
WITHOUT  THE  INFILTRATION  INTO  IT  FROM  THZ    RESERVOIR  FROM  WHICH  IT  WAS  DISTANT 
AT  LEAST  26  FEET,  WOULD  NOT  HAVE  CONVEYED  ANYTHING  INJURIOUS  INTO  THE  CREEK. 

The  case  was  distinguished  from  Van  Egmond  vs.  Town  of  Scaforth  1o04  6  O.R., 
p*se  599,  where  the  defendant  municipality  cut  its  drains  through  soil  con- 
taining INJURIOUS  MAiTER  AND  CARRIED  IT  TO  A  CREEK,  THUS  BEING  THE  DIRECT 
AND  ACTIVE  AGENT  IN  .HE  MISCHIEF.     HERE  THE  MUNICIPALITY  HAD  NOT  CONNECTED 

the  reservoir  and  the  drain,  and  was  not,  therefore,  in  a  position  to 
physically  prevent  the  discharge  of  waste  by  stopping  up  the  connection.   it 
was  held  that  the  municipality  was  not  liable  for  damage  to  a  riparian  owne.?. 
The  Court  of  Appeal  for  Ontario  affirmed  this  judgment  and  it  would  still 
appear  to  be  good  law. 

it  is,  however,  important  to  note  that  if  a 
municipality  allows  an  industry  to  dump  polluting  material  into  its  municipal 
sowers  it  may  be  held  lia3le  to  damages  and  an  injunction  and  be  requires  to 

ABATE  ANY  NUISANCE  CAUSED.    THE  PROBLEM  BECOMES  SOMEWHAT  VEXING  WHERE  BOTH 
THE  MUNICIPALITY  AND  THE  INDUSTRY  ARE  DISCHARGING  POLLUTING  MATERIAL  INTO  A 

municipal  sewer  resulting  in  a  nuisance  or  injury,  or  both,  to  a  down- stream 
riparian  owner.   presumably,  the  municipality  would  be  found  liable  and  be 
required  to  abate  the  nuisance  if  the  municipality  permitted  the  industry 
so  to  do.   |f,  however,  the  industry  were  so  discharging  polluting  material 
without  the  permission  of  the  municipality,  or  in  contr avent i  on  of a  prohibitory 
3ylaw,  it  would  appear  that  the  municipality,  if  sued,  could  join  the 
industry  in  the  action  and  both  could  be  help  liable  and  be  required  to 
a3ate  the  nuisance. 

we  may,  therefore,  say;- 

(1)  there  is  no  liability  on  the  part  of  a 
municipality  for  the  discharge  by  industries  of  industrial  waste  into  streams, 
rivers.  and  waters  within  its  confines. 

(2)  The  municipality  could  be  liable  where  the 
municipality,  by  agreement,  allows  an  industry  to  empty  polluting  material 

INTO  ITS  MUNICIPAL  SEWERS  AND  THEREBY  POLLUTES  WHAT  OTHERWISE  WOULD  NOT  HAVE 

caused  any  nuisance  or  injury. 

(3)  Where  the  municipality  empties  its  sewage 
into  a  sewer  and  an  industry  empties  into  it  also,  but  without  permission, 
it  would  appear  that  both  could  be  held  liable  at  the  suit  of  f-   riparian 
owner  who  has  a  right  of  action. 
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(k)       A  MUNICIPALITY  MAY  BE  LIABLE  TO  A  DOWN- 
STREAM RIPARIAN  OWNER  NO  MATTER  WHAT  TREATMENT  IT  GIVES  ITS  SEWAGE  OR  WHAT 
PRECAUTIONS  IT  TAKES  IF  IT  STILL  POLLUTES  THE  WATER. 

Again  I  uish  to  refer  you  to  what  has  been  said 
earlier  in  this  discussion  on  the  common  law  right  of  the  riparian  owner, 
and  suggest  that  any  remedy  here,  by  way  of  injunction  to  restrain  both  the 
municipality  and  the  industry  could  have  drastic  effects  on  the  community. 
|t  is  suggested  that  the  situation  should  be  approached  by  a  further  study 
of  waste  disposal  either  by  the  municipality  and  the  industry  together  or 
with  the  assistance  and  alo  of  the  government. 

Another  somewhat  vexing  problem  that  occasionally 
faces  a  municipality  is  where  it  exercises  its  permissive  power  in  the  con- 
struction of  a  sewer  and  sewage  disposal  system  ano  conforms  to  all  the  re- 
QUIREMENTS of  The  Public  Health  Act  only  to  be  reuarded  by  a  highly  annoyed 
riparian  owner  commencing  an  action  against  it  alleging  that  the  sewage 
disposal  plant  is,  in  effect;  not  doing  what  it  is  supposed  to  do  and  he  is 
bothered  by  a  foul,  noxious  stench  in  his  stream,  can  no  longer  use  the  water, 
his  underground  well  has  become  polluted,  and  the  value  of  his  property 
lessened. 

what  can  a  municipality  do?   it  must  dep05 i t 
its  sewage,  or  the  effluent  of  its  disposal  plant  somewhere  and  it  receives 
the  sanction  of  the  department  of  health  to  do  it  in  a  certain  way.   what 
defence  has  it,  and  if  it  has  no  defence,  where  can  it  turn  for  help  or  where 
should  it  6e  able  10  turn?   a  long  discussion  of  the  law  surrounding  this 
problem  would  consume  a  considerable  length  of  time,  and  i  propose  to  oeal 
only  with  a  few  salient  features  illustrated  by  some  case5  which  concern  the 
liability  of  municipalities. 

Section  386(12)  of  The  Municipal  Act  gives  the 
municipality  the  power  to  pass  a  by-law;   "for  constructing,  maintaining, 
improving,  repairing,  widening,  altering,  diverting  and  stopping  up  drains, 
sewers  or  watercourses;   for  providing  an  outlet  for  a  sewer;   for  establish- 
ing works  or  basins  for  the  interception  or  purification  of  sewage;  for  mak- 
ing all  necessary  connections  therewith  ano  for  acquiring  land  in  or  adjacent 
to  the  municipality  for  any  such  purposes".  also  a  by-law  may  be  passed  as 
set  out  in  Section  3^80)  (81a)  of  The  Municipal  Acr  for  establishing,  oper- 
ating AND  MAINTAINING  SEWAGE  WORKS,  INCLUDING  SEWERS,  PUMPING  PLANTS,  TREATMENT 

works  and  other  like  works  necessary  for  a  sewer  system,  and  for  regulating 
the  operations  and  maintenance  thereof.   these  two  subsections  appear  almost 
a  duplication  but  the  first  is  under  a  sub-heading  of  "drainage  and  floods" 
whereas  the  second  is  under  a  sub-heading  of  "health,  sanitation  and  safety". 
Such  powers  are  permissive,  that  is  to  say,  enabling  legislation,  to  permit 
the  municipality  to  do  whatever  is  contemplated  in  a  manner  which  it  may 
determine,  subject,  of  course,  to  approval  under  the  public  health  act. 

These  enabling  powers  are  to  be  contrasted  to 
legislation  compelling  a  certain  thing  to  be  done  where  the  legislature  then 
indicates  how  and  where  it  should  be  done. 

Will  such  enabling  legislation  provide  a  defence 
to  an  action  in  nuisance  where,  for  instance,  a  municipality  has  erected  a 
sewage  disposal  plant,  approved  by  the  department  of  health  and  not  negligently 
operated;  that.  to  the  annoyance  of  the  neighbourhood,  does  not  effectively 
cope  with  the  sewage. 
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The  case  of  Guelph  Worsted  Spinning  Company  and 
Guelph  Carpet  Mills  Company  vs  the  City  of  Guelph,  reported  in  30  Ontario  Law 
Reports  at  page  to6,  gives  an  illustration  of  how  this  matter  may  be  dealt 
with,  although  it  13  not  a  pollution  case. 

The  action  arose  out  of  the  flooding  of  thl  works 
of  the  plaintiffs  in  the  Spring  of  1912,  which  flooding  was  caused  by  the 
erection,  by  the  defendants,  of  a  bridge  across  the  Speed  River,  which  bridge 
proved  inaoequate  to  permit  the  passage  of  the  water  during  spring  floods. 
The  volume  of  water  in  the  year  1913  exceeded  all  other  recorded  years, 
except  that  of  the  Spring  of  1869.   The  defence  rested  on  the  principle 
established  in  the  case  of  the  Canadian  Pacific  Railway  Co.,  vs  Roy,  1902 
Appeal  Cases  at  page  220.  which  noted  in  part  that  "the  legislature  is  supreme, 
ano  if  it  has  enacted  that  a  thing  is  lawful,  such  a  thing  cannot  be  at  fauli 
or  an  actionable  wrong.   the  thing  to  be  done  is  a  privilege  as  well  as  a 
right  and  a  duty". 

Mr.  Justice  Middleton  in  the  Guelph  case,,  quotes 
the  judgment  of  t_0fid  watson  in  the  case  of  the  metropolitan  asylum  district 
Manager  vs  Hill,  reported  in  l88l,  6  Appeal  Cases,  page  193.  A5  follows: 
"Where  the  terms  of  the  statute  are  not  imperative  but  permissive,  when  it  is 
left  to  the  discretion  of  the  person  empowered  to  determine  whether  the  general 
powers  committed  to  them  shall  be  put  into  execution  or  not,  i  think  the  fair 
inference  is  that  the  legislature  intended  the  discretion  to  be  exercised  in 
strict  conformity  with  private  rights,  and  did  not  confer  licence  to  commit 
nuisances  in  any  place  which  might  be  selected  for  the  purposes",  and,  al  page 
kfkt    "!t  has  been  laid  down  that  where  the  legislature  has  conferred  authority 
by  an  act  which  is  permissive  in  its  terms,  there  is  no  authority  to  ignore  the 
common  law  right  of  others". 

|n  his  reasons  for  judgment,  mr-  justice  mldoletcn 
stated:   "there  is,  it  seems  to  me,  liability  quite  apart  from  any  finding  of 
what  i  may  call  actual  negligence.  because  the  very  thing  done  was  not  author- 
ized 8y  the  legislature,  but  the  construction  and  mode  of  construction  were 
left  emtirely  to  the  municipality;   secondly,  because  the  legislation  was  per- 
missive only,  and  thirdly,  because  the  construction  of  the  bridge  only  was 
authorized,  and  not  the  obstruction  of  the  flow  of  the  river". 

Liability  was  established,  therefore,  not  for 
damage  resulting  from  a  specifically  authorized  works  but  from  the  method  of 
carrying  it  out  which  was  in  the  discretion  of  those  doing  the  work. 

the  matter  of  how  the  work  is  done  is  further 
discussed  in  a  recent  case  dealing  with  the  defence  of  statutory  authorization. 
This  is  the  case  of  J.  P.  Porter  Company  Ltd.  vs.  Bell,  reported  in  1955-   I- 
Dominion  Law  Reports  at  page  62.   At  trial,  judgment  was  found  for  the  pla'n- 
tiff  for  0amages  by  reason  of  blasting  operations  carried  on  by  the  defendant 
at  the  Seaward  Defence  Project  on  the  west  side  of  Halifax  Harbour.   The  case 
was  appealed  to  the  Nova  Scotia  Supreme  Court.   Mr.   Justice  Macdonald  in 
delivering  judgment  quotes  Viscount  Duneden  in  the  case  of  Manchester  vs  Farn 
worth,  reported  in  1930;  Appeal  Cases  at  page  171:   "When  Parliament  has  auth- 
orized a  certain  thing  to  be  made  or  done  in  a  certain  place  there  can  be  no 
action  for  nuisance  caused  by  the  making  or  doing  of  that  thing  IF  THE  NUISANCE 

IS  THE  INEVITABLE  RESULT  OF  THE  MAKING  OR  DOING  SO  AUTHORIZED.    THE  ONUS  OF 
PROVING  THAT  THE  RESULT  IS  INEVITABLE  IS  ON  THOSE  WHO  WISH  TO  ESCAPE  LIABILITY 
FOR  NUISANCE,  BUT  THE  CRITERION  OF  INEVITABILITY  IS  NOT  WHAT  IS  THEORE 1  I C ALL Y 
POSSIBLE  BUT  WHAT  IS  POSSIBLE  ACCORDING  TO  THE  STATE  OF  SCIENTIFIC  KNOWLEDGE  AT 
THE  TIME,  HAVING  ALSO  IN  VIEW  A  CERTAIN  COMMON  SENSE  APPRECIATION,  WHICH  CAHNC  ' 
BE  RIGIDLY  DEFINED,  OF  PRACTICAL  FEASIBILITY  IN  VIEW  OF  SITUATION  AND  OF  EXPEf.'oi. 


-  201  - 


Mr.  Justice  Macdonald  also  notes  that  the  protect- 
ion or  the  statute  extends  not  only  to  the  doing  of  the  thing  specifically  auth- 
orized BUT  OF  ALL  ACTS  NECESSARILY  INCIDENTAL  THERETO. 

There  arises  out  of  this  statutory  authority  a 

CORRELATIVE  DUTY  WHICH  IS  TO  EMPLOY  ALL  PROPER  MEANS  AND  TO  SEE  THAT  IN  THE 
EXERCISE  OF  ITS  POWER,  IT  DOES  NO  UNNECESSARY  HARM  TO  PROPERTY  OF  SOME  THIRD 
PERSON;    IN  OTHER  WORDS,  IF  I T  CAN  BE  SHOWN  THAT  THE  WORK  HAS  BEEN  DONE  IN  A 
REASONABLE  WAY  AND  NOT  NEGLIGENTLY,  THERE  WILL  BE  NO  LIABILITY. 

Mr.  Justice  Macdonald  at  page  ~]\ ,    summarizes  the 

AUTHORITIES  AS  FOLLOWS:    "ACCORDINGLY,  WHEN  DAMAGE  HAS  RESULTED  FROM  THE  EXER- 
CISE OF  PERMISSIVE  POWERS,  THE  ONUS  IS  ON  THE  DEFENDANT  TO  SHOW  THAT  HE  ACTED 
REASONABLY  IN  THE  SENSE  THAT  HE  EMPLOYEO  ALL  PROPER  MEANS   AND  TOOK  ALL  PROPER 
CARE  TO  SEE  THAT  NO  UNNECESSARY  HARM  WAS  OCCASIONED;   OR  THAT  THE  MANNER  OF 
EXECUTION  OF  HIS  POWER  WAS  THE  ONLY  WAY  IN  WHICH  IT  COULD  BE  DONE;   OR  THAT  IMS 
DAMAGE  WAS  THE  'INEVITABLE  RESULT'  OF  THE  THING  AUTHORIZED     MORE  SHORTLY,  TH1 
ONUS  IS  ON  THE  DEFENDANT  TO  SHOW  "THAT  IN  PRACTICAL  FEASIBILITY  THE  OBLIGATION 
COULD  BE  PERFORMED  IN  NO  OTHER  WAY  SAVE  ONE  WHICH  INVOLVES  DAMAGE  TO  OTHERS1' 

IT  WAS  HELD  IN  THAT  CASE  THAT  THE  DEFENDANT  FAILED 
TO  PROVE  THAT  THE  DAMAGE  WAS  THE  INEVITABLE  RESULT  OF  OPERATIONS  PROPEHLY  CAR- 
RIED ON  IN  THE  EXECUTION  OF  STATUTORY  AUTHORITY.     THAT  IS,   IT  FAILED  TO  PROVE 
THAT  OTHER  METHODS  COULD  NOT  HAVE  BEEN  USED  WHICH  WOULD  NOT  HAVE  INCURRED 
DAMAGE  - 

TO  SUMMARIZE,   IF  THE  MUNICIPALITY  RELIES  ON  A 
STATUTORY  DEFENCE;  SUCH  AS  THE  SANCTION  GIVEN  BY  THE  MUNICIPAL  ACT  FOR  THE  CON- 
STRUCTION OF  WORK,  THE  DEFENDANT  MUNICIPALITY  MUST  ESTABLISH  THAT  IT  HAS  ACTED 
WITH  DUE  DILIGENCE  AND  REASONABLENESS  IN  THE  SENSE  OF  BEING  COGNIZANT  OF  THE 
MANY  ASPECTS  OF  THE  WORK  AND  ITS  RAMIFICATIONS  INSOFAR  AS  AFFECTING  THE  RIGHT} 
OF  INDIVIDUALS.     COUPLED  WITH  THIS  PROPOSITION   IS  THE  FACT  THAT  WHERE  THE  LTG- 
ISLATION  IS  PERMISSIVE  IN  ITS  TERMS,  THERE  IS  NO  WTHWUTT  TO  tGMORt  THE  CQifWO* 

l  a w  n i ghts  of  others . 

The  above  cases  and  the  line  of  authority  of 
English  Law,  have  not  had  to  consider  the  situation  where,  in  addition  to  the 

PERMISSIVE  POWERS  GIVEN  BY  THE  LEGISLATURE,  THERE  IS  ALSO  THE  OBLIGATION  TO 
HAVE  THE  PROPOSED  WORK  APPROVED  BY  SOME  GOVERNMENTAL  AUTHORITY,  SUCH  AS  IS  THE 
SITUATION  WHERE  A  MUNICIPALITY  CONSTRUCTS  A  SEWAGE  DISPOSAL  PLANT.   THE  PUBLIC 

Health  Act  requires  by  Section  IOo.  in  subsection  2,  that  "a  construction  of  a 

SEWAGE  PROJECT  BY  THE  COUNCIL  OF  THE  MUNICIPALITY  OR  BY  ANY  BOARD  OF  COMMISSION: 
CREATED  OR  ESTABLISHED  BY  A  MUNICIPAL  CORPORATION  PURSUANT  TO  STATUTORY  AUTHOR- 
ITY, OR  BY  ANY  COMPANY  OR  PERSON,  SHALL  NOT  BE  COMMENCED  UNTIL  THE  APPROVAL  OF 
THe'DePARTMENT  HAS  BEEN  OBTAINED".    THE  DEPARTMENT  OF  HEALTH  THEN  INQUIRES  AN1J 
REPORTS  UPON  THE  WORK  TO  BE  UNDERTAKEN,  AS  TO  WHETHER  IT  IS  ADEQUATE  FOR  .HE 
REQUIREMENTS  OF  THE  INHABITANTS  AFFECTED  AND  WHETHER  SUCH  WORKS  ARE  LIKELY  TO 
PROVE  PREJUDICIAL  TO  THE  HEALTH  OF  THE  INHABITANTS  AND  THAT  THE  CONSTRUCTION  h'-3 
BEEN  APPROVED  OF  IN  ACCORDANCE  WITH  SECTION  101  OF  THE  PUBLIC  HEALTH  PCC   CAN 
A  MUNICIPALITY  POINT  TO  THE  APPROVAL  OF  THE  DEPARTMENT  OF  HEALTH  AS  ADDITIONAL 
SANCTION  OR  AUTHORITY  FOR  ITS  UNDERTAKING? 

UNFORTUNATELY  FOR  THIS  DISCUSSION,  THE  CASE  THAT 
WOULD  BE  THE  MOST  HELPFUL  AND  ILLUMINATING,  INSOFAR  AS  THIS  ENTIRE  QUESTION  OF 
LIABILITY  OF  A  MUNICIPALITY  IS  COKXERNED,  HAS  NOT  BEEN  DECIDED. 
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The  case  is  that  of  Annie  I.  Stephens  vs  The 
Corporation  of  the  Village  of  Richmond  H»ll,  which  was  heard  before  Mr.  Justice 
Stewart  in  Toronto,  early  last  month.   The  plaintiff  owns  property  through 

WHICH  FLOWS  A  BRANCH  OF  THE  DON  RlVER,  AND  THE  PLAINTIFF  ALLEGED  THAT  SHE  WAS 
AND  IS,  ENTITLED  TO  THE  FLOW  OF  THE  SAID  STREAM  IN  AN  THROUGH  THE  SAID  LANDS. 

Since  December,  ]%'d,    the  defendant  municipality  has  operated  a  sewage  disposal 

PLANT  FROM  WHICH  THE  EFFLUENT  IS  TURNED  INTO  THE  STREAM.     SHE  ALLEGED  THAT  TK" 
WATER  BECAME  POLLUTED-  SEEPAGE  FROM  THE  STREAM  PENETRATED  THE  WELLS  ON  HER  LAJO 
WHICH  BECAME  POLLUTEd'  AND  THE  ATMOSPHERE  WAS  POLLUTED  BY  A  NAUSEATING  STENCH. 
}N  ADDITION;  THE  PLAINTIFF  HAD  ALSO  MADE  APPLICATION  TO  THE  ONTARIO  MUNICIPAL 
BOAPD  FOR  APPROVAL  OF  A  HOUSING  SUBU I  V  I S I  ON  ON  HLR  LANDS,  WH ! CH  APPLICATION  St*1 
.REFUSED,  ONE  OF  THE  UROUMDS  FOR  REFUSAL  BEING  THAT  THE  CREEK  RUNNING  THROUGH 
THE  LAND  OF  THE  PROPOSED  SUBDIVISION  CARRIES  OPEN  EFFLUENT  FROM  THE  DISPOSAL 
PLANT  OF  THC  VILLAGE  OF  RICHMOND  HlLL.     Oi)E  OF  THE  CLAIMS  OF  THE  r-LA'i-JTIFF  IS 
FOR  AM  INJUNCTION  RESTRAINING  THE  DEFENDANT  FROM  CONSTRUCTING  OR  REi  L AT  I NG 
ANY  OF  THE  WRONGFUL  ACTS  COMPLAINED  OF  AND  FROM  POLLUTING  THE  SAID  WMF.I15  IN 
ANY  MANNER  SO  AS  TO  INTERFERE  WITH  THE  PLAINTIFF'S  RIGHTS.     THE  DEFENCE  <*f     1  ", '- 
CORPORATION  ALLEGED  THAT  THE  SEWERAGE  SYSTEM  WAS  LAWFULLY  CONSTRUCTED  WITH  TUT 
APPROVAL  OF  THE  DEPARTMENT  OF  PU3LIC  HEALTH,  PLEADED  THE  PROVISIONS  01  fiiC 
PUBLIC  HEALTH  ACT,  PARTICULARLY  SECTION  106,  AND  ALLEGED  THAT  II  HAS  A  DUTY  "C 
OPERATE  THE  SEWAGE  PROJECT   IN  1HL  MANNER  IN  WHICH  IT  HAS  feCEH  OPFRATEO.     THE 
DEFENDANT  ALSO  DENIED  THAT  THERE  WAS  JWf  POLLUTION  OF  THE  WATER-     THE  MAIN 
DEFEND  WAS  THAT  OF  STATUTORY  APPROVAL  GIVING  AN  IMPLIED  AUTHORITY  10  POLLUTE 
THE  STREAM.     A  GREAT  MANY  CASES  WERE  CITED  SETTING  OUT  THE  PRINCIPLES  OF  L AW . 
NOTED  ABOVE   AND  STRESSING  THE  FACT  THAT  THE  UNDERTAKING  WAS  CONSTRUCTED  WlfH 
THE  FULL  APPROVAL  OF  THE  DEPARTMENT  OF  HEALTH,  AND  ENTIRELY  IN  A  REASONABLE 
EXERCISE  OF  ITS  PERMISSIVE  POWER  TO  C0N3TRUC  '  .  A  SEWAGE  DISPOSAL  PLANT  AS  LST/.i? 

liscd  by  The  Municipal  Act.    In  effect  THE  municipality  arguf.d  that  it  did 

EVERYTHING  II  COULD  CONCEIVABLY  HAVE  DONE  AMD  THAT  IF,  WHICH  WAS  NOT  ADMITTED 
ANY  INJURY  WAS  CAUSED  OR  WILL  BE  CAUSED,  SUCH  INJURY  COULD  NOT  HAVE  BEEN  AVOID- 
ED BY  THE  EXERCISE  OF  REASONABLE  CARE  ON  THE  PART  OF  THE  DEFENDANT. 

THE  DEFENDANT  ALSO  PLEADED  THE  PROVISIONS  OF  SUD - 
SECTION  15  OF  SECTION  106  OF  THE  PUBLIC  HEALTH  ACT.  WHICH  PURPORTS  TO  GIVE  THE 

Ontario  Municipal  Board,  exclusive  jurisdiction  to  determine  the  plaintiff's 

CLAIM,  AND  THAT  AS  A  RESULT.  THE  ACTION  WAS  NOT  PROPERLY  CONSTITUTED  AS  BEING 
BROUGHT  BEFORE  THE  COURT. 

THE  PLAINTIFF  IN  THE  CASE  RELIED  MAINLY  ON  f»E« 
COMMON  LAW  RIGHT  TO  HAVE  AND  USE  THE  WAT-R  FREE  FROM  POLLUTION.     HER  ANSWER 
TO  ihE  DEFENCE  OF  STATUIORY  AUTHORITY  WAS  A  SIMPLE  ONE.     HOW  COULD  THERE  POS- 
SIBLY BE  ANY  IMPLIED  AUTHORITY  IN  THE  STATUTORY  APPROVAL  OF  A  SEWAGE  PROJECT 
IN  THE  FACE  OF  THE  EXPRESS  PROHIBITION  OF  SECTION  103  0F  THE  PUBLIC  HEALTH  ACT 
WHICH  I  HAVE  ALREADY  QUOTED  VERBATIM. 

WE  HAVE  ALSO  SEEN  A30VE,  THAT  STATUTORY  AUTHORIZ- 
ATION GIVEN  BY  THE  MUNICIPAL  ACT  TO  A  MUNICIPALITY  TO  CONSTRUCT  A  SEVER  *9 
DISTINCT  FROM  DEPARTMENTAL  APPROVAL  OBTAINED  PURSUANT  TO  THE  PUBLIC  HEALTH  ftCT , 
IS  A  PERMISSIVE  POWER  AND,  AS  SUCH,  THERE  IS  NO  AUTHORITY  TO  IGNORE  THE  COMMOM 

law  r ights  of  others- 

The  plaintiff's  answer  to  the  defence  thai  the 
Ontario  Municipal  Board  had  exclusive  jurisdiction  to  deal  with  tm   problem 
under  Subsection  1^  of  Sf.ction  106  of  The  Public  Health  Act,  was  s  imply  .hat 
this  subsection  was  ultra  vires,  that  is,  beyond  the  POWER  uf  THE  PROVINCIAL 
Legislature  to  enact.   Authority  for  this  is  found  in  the  case  of  Toronto 
Corporation  vs  York  Corporation,  appealed  to  the  Privy  Council  1930  ;..C.  at 
page  k)%,    where  it  was  held  that  the  Ontario  Municipal  Board  is  primauiiy  an 
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ADMINISTRATIVE  BODY  AND  IS  NOT  VALIDLY  CONSTITUTED  UNDER  THE  BRITISH  NORTH 

America  Act  to  receive  judicial  authority.   The  Board  is,  therefore^  validly 
constituted  for  performance  of  administrative  jurisdiction,  but  any  deliber- 
ations involving  judicial  powers,  it  was  claimed,  would  be  invalid.   |t  was 
strongly  argued,  on  behalf  of  the  plaintiff,  in  the  stephens  and  richmond  hlll 
.case  that  the  liability  of  the  municipality  was  a  matter  of  law  to  be  deter 
mined  by  a  court  validly  constituted  to  receive  judicial  authority, 

as  stated  above,  there  has  been  no  decision  handed 

DOWN  IN  THIS  CASE  AS  YET.     ]T  IS  INTERESTING  TO  NOTE ,. HOWEVER ,  THAT  MR.  JUST- 
ICE Stewart,  indicated  that  the  Court  was  dealing  with  a  problem  of  law  and  not 
a  sociological  problem  of  where  a  MUNICIPALITY  CAN  DISPOSE  OF  ITS  sewage.   We 

MAY  ASSUME  THEREFORE  THAT  IF  THE  PLAINTIFF  PROVES  HER  COMMON  LAW  RIGHT  TO  THE 
UNINTERRUPTED  FLOW  OF  WATER  FREE  FROM  POLLUTION,  AN  INJUNCTION  WILL  DE  GRANTED 
AGAINST  THE  VILLAGE  OF  R I CHMOND  H|LL  RESTRAINING  IT  FROM  POLLUTING  THE  STREAM 
IN  QUESTION.     |T  WOULD  THEN  REMAIN  FOR  THE  MUNICIPALITY  TO  SO  IMPROVE  ITS 
OPERATIONS  IN  THE  DISPOSAL  PLANT  THAT  POLLUTION  IS  ELIMINATED.    THIS,   IT  MAY 
NUT  BE  ABLE  TO  DO.    AN  APPEAL  TO  THE  APPEAL  COURTS  MIGHT  SERVE  ONLY  TO  CONFIRM 
THE  PLAINTIFF'S  RIGHT  TO  AN  INJUNCTION.    ONE  COULD  NOT  EVEN  HAZARD  A  GUCSS 
WHETHER  A  HIGHER  COURT  WOULD  MENTION  THF.  SOCIOLOGICAL  ASPECTS  OF  WATER  POLLU- 
TION, Chief  Justice  McRuer  refused  to  consider  it  in  the  K.V.P.  case>  but  one 
could  state  with  reasonable  certainty  that  the  common  law  would  govern  the 
Court  and  any  change  would  have  to  be  effected  by  the  Legislature,  which  might 

ENACT  LEGISLATION  SIMILAR  IN  SCOPE  TO  THE  19**9  AMENDMENT  TO  THE  UaKES  AND 

Rivers  Improvement  Act  to  which  I  have  earlier  referred. 
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